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ﻮﻥ ﻳﮔﺮﺩﺩ.  ﻣﻲ ﺮﻧﺪﻩﻳﭘﺬﻫﺎﻱ  ﻭﺍﺭﺩ ﺁﺏ ﻱﻭ ﻓﺎﺿﻼﺏ ﻛﺸﺎﻭﺭﺯ ﻲﻊ، ﻓﺎﺿﻼﺏ ﺧﺎﻧﮕﻳﻖ ﺻﻨﺎﻳﻮﻡ ﺍﺯ ﻃﺮﻴﻮﻥ ﺁﻣﻮﻧﻳ ﻨﻪ ﻭ ﻫﺪﻑ:ﻴﺯﻣ
ﻨـﺪﺍﺯﺩ. ﻴﺎﻥ ﺭﺍ ﺑـﻪ ﺧﻄـﺮ ﺑ ﻳﺁﺑﺰ ﻲﮋﻥ ﻣﺤﻠﻮﻝ ﺩﺭ ﺁﺏ ﺷﺪﻩ ﻭ ﺯﻧﺪﮔﻴﻥ ﺍﻛﺴﺰﺍﻴﺗﻮﺍﻧﺪ ﺑﺎﻋﺚ ﻛﺎﻫﺶ ﺩﺭ ﻣ ﻣﻲ ﺑﻮﺩﻩ ﻭ ﻲﻮﻡ ﺳﻤﻴﺁﻣﻮﻧ
 ﺖﻴ ـﻮﻥ ﺗﻮﺳـﻂ ﺯﺋﻮﻟ ﻳ ـﻦ ﻳ ـﻭ ﺟـﺬﺏ ﺍ  ﻲﻮﻧﻳ ـﺗﺒـﺎﺩﻝ  ،ﻮﻡ ﺍﺯ ﺁﺏ ﻭ ﻓﺎﺿﻼﺏﻴﻮﻥ ﺁﻣﻮﻧﻳﺞ ﺑﻪ ﻣﻨﻈﻮﺭ ﺣﺬﻑ ﻳﺭﺍﻫﺎﻱ  ﺍﺯ ﺭﻭﺵ ﻲﻜﻳ
ﻦ ﻴﻛـﺎﺋﻮﻟ  ﺖ ﺳﻨﺘﺰ ﺷـﺪﻩ ﺍﺯ ﻴﻦ، ﺯﺋﻮﻟﻴﻮﻡ ﺑﺎ ﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ ﻛﺎﺋﻮﻟﻴﺑﻪ ﺭﺍﻧﺪﻣﺎﻥ ﺣﺬﻑ ﺁﻣﻮﻧ ﻲﺎﺑﻴﺩﺳﺘ ،ﻦ ﭘﮋﻭﻫﺶﻳﺑﺎﺷﺪ. ﻫﺪﻑ ﺍﺯ ﺍ ﻣﻲ
 ﺑﺎﺷﺪ. ﻲ ﻣﻲﺁﺑﻫﺎﻱ  ﻂﻴﺖ ﻣﮕﻨﺖ ﺷﺪﻩ ﺍﺯ ﻣﺤﻴﻭ ﺯﺋﻮﻟ
 ﻦﻴﺖ ﺳﻨﺘﺰ ﺷـﺪﻩ ﺍﺯ ﻛـﺎﺋﻮﻟ ﻴﻦ ﻭ ﺯﺋﻮﻟﻴﻂ ﻣﺨﺘﻠﻒ ﺍﺯ ﺩﺯ ﺟﺎﺫﺏ ﻛﺎﺋﻮﻟﻳﺸﺎﺕ ﺩﺭ ﺷﺮﺍﻳﺩﺭ ﻣﻄﺎﻟﻌﻪ ﺣﺎﺿﺮ، ﺁﺯﻣﺎﻣﻮﺍﺩ ﻭ ﺭﻭﺵ ﻫﺎ: 
ﺗﻤـﺎﺱ ﻫـﺎﻱ ﻣـﺎﻥ ﺩﺭ ﺯ ،(1-02L/gm ) ﻮﻡﻴ ـﺍﺯ ﺁﻣﻮﻧ ﻲﻣﺨﺘﻠﻔ ـﻫـﺎﻱ ﻏﻠﻈـﺖ  ﻱﺣـﺎﻭ  ﻲﺁﺑ ـﻫﺎﻱ  ﺩﺭ ﻣﺤﻠﻮﻝ ،(0/5، 1، 1/5، 2 L/g)
ﻗـﺮﺍﺭ ﮔﺮﻓﺘـﻪ ﺍﺳـﺖ.   ﻱ( ﻣـﻮﺭﺩ ﺑﻬـﺮﻩ ﺑـﺮﺩﺍﺭ3، 5، 7، 9، 11) Hpﺍﺯ  ﻲﻣﺘﻔـﺎﻭﺗﻫـﺎﻱ  ﻘـﻪ( ﻭ ﺩﺭ ﻣﻘـﺪﺍﺭﻴﺩﻗ 01-042) ﻣﺨﺘﻠـﻒ
ﻗـﺮﺍﺭ  ﻲﻣـﻮﺭﺩ ﺑﺮﺭﺳ ـ RITFﻭ  DRX، MES ﺰ ﺑﺎ ﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ ﺁﺯﻣـﻮﻥ ﻴﻦ ﻧﻴﺖ ﺳﻨﺘﺰ ﺷﺪﻩ ﺍﺯ ﻛﺎﺋﻮﻟﻴﺯﺋﻮﻟ ﻳﻲﺎﻴﻤﻴﺷﻫﺎﻱ  ﻲﮋﮔﻳﻭ
 ﮔﺮﻓﺘﻪ ﺍﺳﺖ.
ﺶ ﺩﺭ ﻏﻠﻈـﺖ ﻳﻘﻪ ﺑـﻮﺩﻩ ﺍﺳـﺖ ﻭ ﺑـﺎ ﺍﻓـﺰﺍ ﻴﺩﻗ 042ﻭ ﺯﻣﺎﻥ  7ﺑﺮﺍﺑﺮ ﺑﺎ  Hpﺰﺍﻥ ﻴﻮﻡ ﺩﺭ ﻣﻴﺰﺍﻥ ﺟﺬﺏ ﺁﻣﻮﻧﻴﻦ ﻣﻳﺸﺘﺮﻴﺑ :ﻳﺎﻓﺘﻪ ﻫﺎ
 ﻱﻨـﻪ ﺑـﺮﺍ ﻴﺎﻓﺖ. ﺩﺯ ﺑﻬﻳﻮﻡ ﻛﺎﻫﺶ ﻴﺭﺍﻧﺪﻣﺎﻥ ﺣﺬﻑ ﺁﻣﻮﻧ ،ﺶ ﺩﺯ ﺟﺎﺫﺏﻳﺎﻓﺖ. ﺍﻟﺒﺘﻪ ﺑﺎ ﺍﻓﺰﺍﻳﺶ ﻳﺖ ﺟﺬﺏ ﺍﻓﺰﺍﻴﻇﺮﻓ ،ﻮﻡﻴﻪ ﺁﻣﻮﻧﻴﺍﻭﻟ
ﻧﺸـﺎﻥ ﺩﺍﺩ  ،ﺰﻭﺗـﺮﻡ ﻳﺑﻪ ﻣﻨﻈﻮﺭ ﻣﺤﺎﺳـﺒﻪ ﺍ  ،ﺣﺎﺻﻞﻫﺎﻱ  ﺳﺖ. ﺩﺍﺩﻩﺑﻮﺩﻩ ﺍ 1/5 L/gﺖ ﺳﻨﺘﺰ ﺷﺪﻩ ﻴﺯﺋﻮﻟ ﻱﻭ ﺑﺮﺍ 2 L/g  ﻦﻴﻛﺎﺋﻮﻟ
ﻦ ﻭ ﻴﺖ ﺳﻨﺘﺰ ﺷﺪﻩ ﺍﺯ ﻛﺎﺋﻮﻟﻴﻦ، ﺯﺋﻮﻟﻴﻛﺎﺋﻮﻟ ﻱﻮﻡ ﺑﺮ ﺭﻭﻴﺭﺍ ﺩﺍﺷﺘﻪ ﺍﺳﺖ. ﺟﺬﺏ ﺁﻣﻮﻧ ﻲﻦ ﻫﻤﺨﻮﺍﻧﻳﺸﺘﺮﻴﭻ ﺑﻴﺰﻭﺗﺮﻡ ﻓﺮﻭﻧﺪﻟﻳﻛﻪ ﺍ
 ﻛﻨﺪ. ﻱ ﻣﻲﺮﻭﻴﻚ ﺩﺭﺟﻪ ﺩﻭﻡ ﻛﺎﺫﺏ ﭘﻴﻨﺘﻴﺖ ﻣﮕﻨﺖ ﺷﺪﻩ ﺍﺯ ﺳﻴﺯﺋﻮﻟ
ﺖ ﻣﮕﻨـﺖ ﻴﻦ ﻭ ﺯﺋﻮﻟﻴﺖ ﺳﻨﺘﺰ ﺷﺪﻩ ﺍﺯ ﻛﺎﺋﻮﻟﻴﻦ، ﺯﺋﻮﻟﻴﻛﺎﺋﻮﻟ ﻱﻮﻡ ﺑﺮ ﺭﻭﻴﺁﻣﻮﻧ ﻛﻨﺪ ﻛﻪ ﺟﺬﺏ ﻣﻲ ﻦ ﻣﻄﺎﻟﻌﻪ ﺍﺛﺒﺎﺕﻳﺍ: ﻱﺮﻴﺠﻪ ﮔﻴﻧﺘ
 ﺑﺎﺷﺪ. ﻣﻲ ﻮﻡﻴﺩﺭ ﺣﺬﻑ ﺁﻣﻮﻧ ﺑﺎ ﺭﺍﻧﺪﻣﺎﻥ ﺑﺎﻻﻤﺖ ﻴﻚ ﺭﻭﺵ ﺍﺭﺯﺍﻥ ﻗﻳﺷﺪﻩ 
 






 ﻫﺎﻱ ﺁﺑﻲ ﺍﺯ ﻣﺤﻴﻂﺯﺋﻮﻟﻴﺖ ﺗﻬﻴﻪ ﺷﺪﻩ ﺍﺯ ﻛﺎﺋﻮﻟﻴﻦ ﻭ ﺯﺋﻮﻟﻴﺖ ﻣﮕﻨﺖ ﺷﺪﻩ  ﺑﺮﺭﺳﻲ ﺣﺬﻑ ﺁﻣﻮﻧﻴﻮﻡ ﺑﺎ ﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ ﻛﺎﺋﻮﻟﻴﻦ،





ﻂ ﻴﻥ ﺩﺭ ﻣﺤ ـﺘـﺮﻭژ ﻴﺑﻪ ﻧ ﻲﻪ ﺁﻟﻮﺩﮔﻴﺍﺯ ﺍﺷﻜﺎﻝ ﺍﻭﻟ ﻲﻜﻳﻮﻡ ﻴﺁﻣﻮﻧ
ﺮﻧﺪﻩ ﻧﻪ ﺗﻨﻬـﺎ ﻳﭘﺬ ﻱﻫﺎ ﺐ ﺩﺭ ﺁﺏﻴﻦ ﺗﺮﻛﻳﺶ ﺍﻳﺑﺎﺷﺪ. ﺍﻓﺰﺍ ﻣﻲ ﺴﺖﻳﺯ
ﻭ ﻫـﺎ ﻫـﺎ، ﺑﺮﻛـﻪ ﺎﭼـﻪ ﻳﺯﻭﺩﺭﺱ ﺩﺭ ﺩﺭ ﻱﺮﻴ ـﺪﻩ ﭘﻳ ـﻣﻮﺟﺐ ﺑﺮﻭﺯ ﭘﺪ
ﺎﺯ ﺑـﻪ ﻴ ـﺰﺍﻥ ﻧﻴ ـﺎﻓﺘﻦ ﻣﻳ ـﺶ ﻳﮔﺮﺩﺩ، ﺑﻠﻜﻪ ﺑﺎﻋﺚ ﺍﻓـﺰﺍ  ﻫﺎ ﻣﻲ ﺭﻭﺩﺧﺎﻧﻪ
 ﻱﺖ ﺑـﺮﺍ ﻴﻪ ﻭ ﺑـﺮﻭﺯ ﺳـﻤ ﻴﮋﻥ ﻣﺤﻠـﻮﻝ ﺁﺏ ﺑـﻪ ﻣﻨﻈـﻮﺭ ﺗﺼـﻔ ﻴﺍﻛﺴ
ﺶ ﻳﮔـﺮﺩﺩ. ﺑـﻪ ﺩﻧﺒـﺎﻝ ﺍﻓـﺰﺍ ﻲ ﻣـﻲ ﺁﺑﻫﺎﻱ  ﻂﻴﺯﻧﺪﻩ ﺩﺭ ﻣﺤﻫﺎﻱ  ﮔﻮﻧﻪ
ﻦ ﻭ ﻴﻗـﻮﺍﻧ  ،ﺐ ﺩﺭ ﺁﺏﻴ ـﻦ ﺗﺮﻛﻳ  ـﺍﺯ ﺍﺛﺮﺍﺕ ﻣﻀـﺮ ﺣﻀـﻮﺭ ﺍ  ﻲﺁﮔﺎﻫ
ﻂ ﻴﻨـﺪﻩ ﺑـﻪ ﻣﺤ ـﻳﻦ ﺁﻻﻳ ـﻪ ﺍﻴ ـﺑﻪ ﻣﻨﻈﻮﺭ ﻛﻨﺘـﺮﻝ ﺗﺨﻠ  ﻳﻲﺍﺳﺘﺎﻧﺪﺍﺭﺩﻫﺎ
ﺪ. ﺑـﻪ ﻋﻨـﻮﺍﻥ ﻣﺜـﺎﻝ ﺩﺭ ﻳﻭﺿﻊ ﮔﺮﺩﻫﺎ  ﺍﺯ ﻛﺸﻮﺭ ﻱﺎﺭﻴﺴﺖ ﺩﺭ ﺑﺴﻳﺯ
، ﺍﺳـﺘﺎﻧﺪﺍﺭﺩ ﻱﻓﺎﺿـﻼﺏ ﺷـﻬﺮ ﻫـﺎﻱ  ﻪ ﺧﺎﻧﻪﻴﻦ، ﺩﺭ ﺗﺼﻔﻴﻛﺸﻮﺭ ﭼ
ﮔـﺮﻡ ﺩﺭ  ﻲﻠﻴﻣ 5ﺮﻧﺪﻩ ﺣﺪﻭﺩ ﻳﭘﺬ ﻱﺁﺑﻬﺎﻂ ﻭ ﻴﻮﻡ ﺑﻪ ﻣﺤﻴﻪ ﺁﻣﻮﻧﻴﺗﺨﻠ
ﮔـﺮﻡ ﺩﺭ  ﻲﻠﻴﻣ 8ﻭ ﺣﺪﻭﺩ  1ﺑﺎ ﺍﺳﺘﺎﻧﺪﺍﺭﺩ ﻧﻮﻉ  ﻱﭘﺴﺎﺑﻬﺎ ﻱﺑﺮﺍ ،ﺘﺮﻴﻟ
ﺩﺭ  .1, 2ﮔﺰﺍﺭﺵ ﺷﺪﻩ ﺍﺳـﺖ  2ﺑﺎ ﺍﺳﺘﺎﻧﺪﺍﺭﺩ ﻧﻮﻉ  ﻱﭘﺴﺎﺑﻬﺎ ﻱﺘﺮ ﺑﺮﺍﻴﻟ
ﻛـﻪ  ﻲﺳﻄﺤ ﻱﻮﻡ ﺑﻪ ﺧﺼﻮﺹ ﺩﺭ ﺁﺑﻬﺎﻴﺮ، ﻏﻠﻈﺖ ﺁﻣﻮﻧﻴﺍﺧ ﻱﺳﺎﻟﻬﺎ
 ﺰﺍﻥﻴ ـﻓﺎﺿـﻼﺏ ﻫﺴـﺘﻨﺪ، ﺍﺯ ﻣ ﻫـﺎﻱ ﻪ ﺧﺎﻧـﻪ ﻴﺮﻧﺪﻩ ﭘﺴﺎﺏ ﺗﺼـﻔ ﻳﭘﺬ
 ﺸﺘﺮ ﮔﺰﺍﺭﺵ ﺷـﺪﻩ ﺍﺳـﺖ ﻴﻪ ﺑﻴﻦ ﺷﺪﻩ ﺑﻪ ﻣﻨﻈﻮﺭ ﺗﺨﻠﻴﻴﺍﺳﺘﺎﻧﺪﺍﺭﺩ ﺗﻌ
ﻊ ﻳﺻـﻨﺎ ﻫﺎﻱ  ﻪ ﻓﺎﺿﻼﺏﻴﺗﺨﻠ ﻲﺶ ﺩﺑﻳﺍﻓﺰﺍ ،ﻦ ﺍﻣﺮﻳﺍ ﻲﻞ ﺍﺻﻠﻴﻛﻪ ﺩﻟ
ﻮﻡ ﺑـﻪ ﻴ ـﺁﻣﻮﻧ ﻱﺑـﺎﻻ ﻫـﺎﻱ ﻏﻠﻈـﺖ  ﻱﺣـﺎﻭ  ﻱﺷﻬﺮﻫﺎﻱ  ﻭ ﻓﺎﺿﻼﺏ
ﺑـﻪ  ﻱﺎﺩﻳﻣﺤﻘﻘﺎﻥ ﺗﻮﺟﻪ ﺯ ،ﻞﻴﻦ ﺩﻟﻴﺑﺎﺷﺪ. ﺑﻪ ﻫﻤ ﻫﺎ ﻣﻲ ﻪ ﺧﺎﻧﻪﻴﺗﺼﻔ
 ﻲﻜﻳﻮﻡ ﻴﻦ ﺁﻣﻮﻧﻴ. ﻫﻤﭽﻨ3ﻛﻨﻨﺪ ﻣﻲ ﻦ ﻣﺎﺩﻩﻳﺣﺬﻑ ﺍﻫﺎﻱ  ﺍﻧﻮﺍﻉ ﺭﻭﺵ
 .ﺑﺎﺷـﺪ ﻫـﺎ ﻣـﻲ ﺟﻠﺒـﻚ  ﻱﺎﺯ ﺑـﺮﺍ ﻴﻣﻮﺭﺩ ﻧ ﻱﻦ ﻣﻮﺍﺩ ﻣﻐﺬﻳﺍﺯ ﻣﻬﻢ ﺗﺮ
ﻃـﻮﺭ ﻛـﻪ  ﻫﻤـﺎﻥ  ،ﻮﻡ ﺩﺭ ﺁﺏﻴﺶ ﺍﺯ ﺣﺪ ﺁﻣﻮﻧﻴﺑﻫﺎﻱ  ﺣﻀﻮﺭ ﻣﻘﺪﺍﺭ
ﻲ ﺭﺱ ﺩﺭ ﻣﻨـﺎﺑﻊ ﺁﺑ ـﺯﻭﺩ ﻱﺮﻴ ـﺪﻩ ﭘﻳﻣﻮﺟﺐ ﺑﺮﻭﺯ ﭘﺪ ،ﺪﻳﺍﺷﺎﺭﻩ ﮔﺮﺩ
 ،ﻲﻦ ﻣﻨﺎﺑﻊ ﺁﺑ  ـﻳﺩﺭ ﺍﻫﺎ  ﺶ ﺍﺯ ﺣﺪ ﺟﻠﺒﻚﻴﺑﻪ ﻋﻼﻭﻩ ﺭﺷﺪ ﺑ .ﮔﺮﺩﺩ ﻣﻲ
ﻫـﺎﻱ  ﻲﻭ ﮔﺮﻓﺘﮕـ ﻲﻜﻳﻮﻟـﻮژﻴﺑ ﻲﻩ ﺧـﻮﺭﺩﮔﺪﻳـﻣﻮﺟـﺐ ﺑـﺮﻭﺯ ﭘﺪ
ﻦ ﻳ ـﻊ ﺑﻜﺎﺭﺑﺮﻧـﺪﻩ ﺍ ﻳﺎ ﺻﻨﺎﻳﺍﻧﺘﻘﺎﻝ ﭘﺴﺎﺏ ﻭ ﻫﺎﻱ  ﺩﺭ ﻟﻮﻟﻪ ﻲﻜﻳﻮﻟﻮژﻴﺑ
 ،ﻮﻡ ﺑﻪ  ﻓﺎﺿـﻼﺏ ﻴﺍﺯ ﻣﻨﺎﺑﻊ ﻭﺭﻭﺩ ﺁﻣﻮﻧ ﻲﻜﻳ .4, 5ﭘﺴﺎﺑﻬﺎ ﺧﻮﺍﻫﺪ ﺷﺪ
ﻫﺎﻱ  ﺳﻄﻮﺡ ﺑﺎ ﻧﻤﻚ ﻱﻣﺎﻧﻨﺪ ﺷﺴﺘﺸﻮ ﻲﺧﺎﻧﮕﻫﺎﻱ  ﺖﻴﻞ  ﻓﻌﺎﻟﻴﺑﻪ ﺩﻟ
ﻞ ﻴ ـﻞ ﻣﺘﻴ ـﻟﻜﺁ ﻱﻣﺎﻧﻨﺪ ﺩ ﻱﺎ ﻛﺎﺭﺑﺮﺩ ﻣﻮﺍﺩﻳﻭ  ﻲﺘﻴﻮﻡ ﭼﻬﺎﺭ ﻇﺮﻓﻴﺁﻣﻮﻧ
ﻞ ﻴ ـﻣﺘ ﻱﺎ ﻛـﺎﺭﺑﺮﺩ ﺩ ﻳ ـﺪ ﻭ ﻳﻮﻡ ﻛﻠﺮﺍﻴﻞ ﺁﻣﻮﻧﻳﺴﺘﺮﻳﺪ، ﺩﻳﻮﻡ ﻛﻠﺮﺍﻴﺁﻣﻮﻧ
ﺪ ﺑﻪ ﻋﻨﻮﺍﻥ ﻧﺮﻡ ﻛﻨﻨـﺪﻩ ﭘﺎﺭﭼـﻪ ﻭ ﻟﺒـﺎﺱ ﻭ ﺩﺭ ﻳﻮﻡ ﻛﻠﺮﺍﻴﻞ ﺁﻣﻮﻧﻳﺑﻨﺰ
ﻫﺎﻱ  ﺭﻭﺵ 7-5.ﺑﺎﺷﺪ ﻣﻲ ﺑﻪ ﻋﻨﻮﺍﻥ ﻋﺎﻣﻞ ﮔﻨﺪﺯﺩﺍ ﻳﻲﻊ ﺧﺸﻜﺸﻮﻳﺻﻨﺎ
ﻮﻡ ﻣﻮﺭﺩ ﺍﺳﺘﻔﺎﺩﻩ ﻗﺮﺍﺭ ﮔﺮﻓﺘﻪ ﺍﺳﺖ، ﻴﺑﻪ ﻣﻨﻈﻮﺭ ﺣﺬﻑ ﺁﻣﻮﻧ ﻲﻣﺨﺘﻠﻔ
 ﻱﻫـﺎ ﺶ ﺑـﺎ ﻫـﻮﺍ، ﺭﻭﺵﻳـﺗـﻮﺍﻥ ﺑـﻪ ﺯﺩﺍ ﻣـﻲ ﻛـﻪ ﺍﺯ ﺟﻤﻠـﻪ  ﺁﻧﻬـﺎ
ﻮﻥ ﻳﺎ ﺗﺒﺎﺩﻝ ﻳﻮﻥ ﻭ ﻴﻜﺎﺳﻴﻔﻳﺘﺮﻴﺩﻧ -ﻮﻥﻴﻜﺎﺳﻴﻔﻳﺘﺮﻴﻣﺎﻧﻨﺪ ﻧ ﻲﻜﻳﻮﻟﻮژﻴﺑ
ﺁﻣـﺪ ﺎﺭ ﻛﺎﺭﻴﺑﺴ ،ﻲﻮﻧﻳﺎﻥ ﻛﺎﺭﺑﺮﺩ ﺭﻭﺵ ﺗﺒﺎﺩﻝ ﻴﻦ ﻣﻳﺍﺷﺎﺭﻩ ﻛﺮﺩ. ﺩﺭ ﺍ
 ﺶ ﺑﺎ ﻫـﻮﺍ ﻳﻣﺎﻧﻨﺪ ﺯﺩﺍﻫﺎﻳﻲ  ﺎ ﺭﻭﺵﻳﻭ  ﻲﻜﻳﻮﻟﻮژﻴﺑ ﻱﻫﺎ ﺗﺮ ﺍﺯ ﺭﻭﺵ
 ﻲﻮﻧﻳ ـﺒـﺎﺩﻝ ﺗﻫـﺎﻱ ﺴـﺘﻢ ﻴﺍﺯ ﺳ ﻱﻭ ﻧﮕﻬـﺪﺍﺭ  ﻱﺑﺮﺩﺍﺭ ﺑﻬﺮﻩ ﺑﺎﺷﺪ. ﻣﻲ
ﻨـﻪ ﺑـﻮﺩﻥ ﭘـﺮ ﻳﺭﺳﺪ ﻛﻪ ﺑـﻪ ﻋﻠـﺖ ﻛـﻢ ﻫﺰ  ﻣﻲ ﻭ ﺑﻪ ﻧﻈﺮ ﻩﺳﺎﺩﻩ ﺑﻮﺩ
ﻜﺎﺕ ﻴﻠﻴﺑـﻪ ﺷـﻜﻞ ﺳ ـ ﻲﻣﻮﺍﺩ ﻣﻌـﺪﻧ  ،ﻫﺎ ﺖﻴﺯﺋﻮﻟ .5, 8ﻛﺎﺭﺑﺮﺩ ﻫﺴﺘﻨﺪ
 ﻱﻭ ﺩﺍﺭﺍﻫـﺎ  ﻮﻥﻴﻮﻡ ﻫﺴﺘﻨﺪ ﻛﻪ ﻗﺎﺩﺭ ﺑﻪ ﺣـﺬﻑ ﻛـﺎﺗ ﻴﻨﻴﺪﺭﺍﺕ ﺁﻟﻮﻣﻴﻫ
ﻮﻡ ﺩﺭ ﻴ ـﺑﺎﻻ ﺑـﻮﺩﻩ ﻭ ﻗـﺎﺩﺭ ﺑـﻪ ﺣـﺬﻑ ﺁﻣﻮﻧ  ﻲﻮﻧﻴﺖ ﺗﺒﺎﺩﻝ ﻛﺎﺗﻴﻇﺮﻓ
ﻛـﺎﺭﺑﺮﺩ  ﻱﺎﺩﻳ ـﺩﺭ ﻣﻄﺎﻟﻌـﺎﺕ ﺯ  .1, 9ﺑﺎﺷـﻨﺪ  ﻣﻲ ﻣﺨﺘﻠﻒﻫﺎﻱ  ﻏﻠﻈﺖ
ﻣـﻮﺭﺩ  ﻲﻣﺨﺘﻠﻔ ـﻫـﺎﻱ ﻮﻡ ﺑـﺎ ﺭﻭﺵ ﻴﺖ ﺑﻪ ﻣﻨﻈﻮﺭ ﺣﺬﻑ ﺁﻣﻮﻧﻴﺯﺋﻮﻟ
ﻮﻡ ﻣﻮﺟﻮﺩ ﻴﺁﻣﻮﻧ ،ﻮ ﻭ ﻫﻤﻜﺎﺭﺍﻧﺶﻳﻨﮕﻮﻴﻣ ﻗﺮﺍﺭ ﮔﺮﻓﺘﻪ ﺍﺳﺖ. ﻲﺑﺮﺭﺳ
ﺖ ﺍﺻـﻼﺡ ﺷـﺪﻩ ﺣـﺬﻑ ﻴﺭﺍ ﺑﺎ ﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ ﺯﺋﻮﻟ ﻲﺪﻧﻴﺩﺭ ﺁﺏ ﺁﺷﺎﻣ
ﺖ ﻭ ﻳﻮﻻﻟ ﻲﻨﻮﭘﺘﻴﺖ ﻛﻠﻴﻛﺮﺩﻧﺪ. ﺍﻭ ﻭ ﻫﻤﻜﺎﺭﺍﻧﺶ ﺑﺎ ﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ ﺯﺋﻮﻟ
 ،3OiS2aNﺪ ﻭ ﺍﺧﺘﻼﻁ ﺁﻥ ﺑﺎ ﻳﻢ ﻛﻠﺮﺍﻳﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ ﺳﺪ ﺍﺻﻼﺡ ﺁﻥ ﺑﺎ
ﻣﺸﺨﺼـﺎﺕ  ﻦﻴـﻴ ﺗﻌﻪ ﻭ ﺳـﭙﺲ ﺑـﺎ ﻴﺭﺍ ﺗﻬ ﻱﺖ ﺍﺻﻼﺡ ﺷﺪﻩ ﺍﻴﺯﺋﻮﻟ
ﻮﻡ ﺭﺍ ﻴ ـﺍﺯ ﺁﻣﻮﻧ ﻲﻛﻤ ـﻫﺎﻱ  ﺖ ﻏﻠﻈﺖﻴﻦ ﺯﺋﻮﻟﻳﺍ ﻳﻲﺎﻴﻤﻴﻭ ﺷ ﻲﻜﻳﺰﻴﻓ
ﻦ ﻳ ـﺞ ﺍﻳﺑﺎﺷﺪ، ﺣﺬﻑ ﻛﺮﺩﻧﺪ. ﻧﺘـﺎ  ﻣﻲ ﻣﻮﺟﻮﺩ ﻲﺪﻧﻴﻛﻪ ﺩﺭ ﺁﺏ ﺁﺷﺎﻣ
ﺰﺍﻥ ﻴ ـﻦ ﺭﻭﺵ ﺩﺭ ﻣﻳ ـﺗﻮﺳﻂ ﺍﻮﻡ ﻴﻖ ﻧﺸﺎﻥ ﺩﺍﺩ ﻛﻪ ﺣﺬﻑ ﺁﻣﻮﻧﻴﺗﺤﻘ
ﺴـﺘﻢ ﺑﺮﺍﺑـﺮ ﻴﺑﻪ ﺳ ﻱﺎﻥ ﻭﺭﻭﺩﻳﺰﺍﻥ ﺟﺮﻴﻦ ﺩﺭ ﻣﻴﻭ ﻫﻤﭽﻨ ﻲﺧﻨﺜ Hp
ﮔـﺮﻡ ﺑـﺮ  ﻲﻠ ـﻴﻣ 5ﻮﻡ ﺣـﺪﻭﺩ ﻴﻣﺘﺮ ﺩﺭ ﺳﺎﻋﺖ ﻭ ﻏﻠﻈﺖ ﺁﻣﻮﻧ 01ﺑﺎ 
ﻣﺸﺘﻖ ﺷـﺪﻩ ﻫﺎﻱ  ﺖﻴﺯﺋﻮﻟ ،ﺑﻪ ﻋﻼﻭﻩ .3ﺑﺎﺷﺪ ﻣﻲ ﺎﺭ ﻣﻄﻠﻮﺏﻴﺘﺮ، ﺑﺴﻴﻟ
ﻦ ﺣـﺎﻝ ﻳﻦ ﻣﻨﻈﻮﺭ ﻛﺎﺭﺑﺮﺩ ﺩﺍﺷﺘﻪ ﺍﻧﺪ. ﺑﺎ ﺍﻳﺰ ﺑﻪ ﺍﻴﺍﺯ ﻣﻨﺎﺑﻊ ﻣﺨﺘﻠﻒ ﻧ
ﻤـﺖ ﺗـﺮ ﻭ ﺑـﺎ ﻴﺖ ﺍﺭﺯﺍﻥ ﻗﻴ ـﺎﻓﺘﻦ ﺯﺋﻮﻟﻳ  ـﺍﺭﻩ ﺑﻪ ﺩﻧﺒﺎﻝ ﻣﺤﻘﻘﺎﻥ ﻫﻤﻮ
 ﻥﺯﻫﺮﺍ ﺭﺣﻤﺎﻧﻲ ﻭ ﻫﻤﻜﺎﺭﺍ
 3931 ﺗﺎﺑﺴﺘﺎﻥ، 4ﺳﺎﻝ ﺍﻭﻝ، ﺷﻤﺎﺭﻩ  ،ﻣﺠﻠﻪ ﻣﻬﻨﺪﺳﻲ ﺑﻬﺪﺍﺷﺖ ﻣﺤﻴﻂ    ♦    413
ﺎﺯ ﺑﻪ ﻴﻛﻪ ﻫﻤﻮﺍﺭﻩ ﻧ ﻲﮕﺮ ﺍﺯ ﻣﺴﺎﺋﻠﻳﺩ ﻲﻜﻳ .ﻫﺴﺘﻨﺪ ﻱﺸﺘﺮﻴﺭﺍﻧﺪﻣﺎﻥ ﺑ
ﺪ ﺷـﺪﻩ ﺍﺯ ﻴ ـﺖ ﺗﻮﻟﻴ ـﺯﺋﻮﻟ ﻱﻧﺤﻮﻩ ﺟﺪﺍﺳـﺎﺯ  ،ﺩﺍﺭﺩ ﻲﺑﺤﺚ ﻭ ﺑﺮﺭﺳ
ﻚ ﻴ ـﻛـﺎﺭﺑﺮﺩ ﻣـﻮﺍﺩ ﻣﮕﻨﺘ  ،ﻞﻴﻦ ﺩﻟﻴﺑﺎﺷﺪ. ﺑﻪ ﻫﻤ ﻲ ﻣﻲﺁﺑﻫﺎﻱ  ﻣﺤﻠﻮﻝ
ﻪ ﺍﺳﺖ ﻛـﻪ ﺑـﺎ ﺖ ﻣﻮﺭﺩ ﺗﻮﺟﻪ ﻗﺮﺍﺭ ﮔﺮﻓﺘﻴﺯﺋﻮﻟ ﻱﺑﻪ ﻣﻨﻈﻮﺭ ﺟﺪﺍﺳﺎﺯ
ﺗـﻮﺍﻥ ﺫﺭﺍﺕ  ﻲ ﻣﻲﺴﻴﺪﺍﻥ ﻣﻐﻨﺎﻃﻴﺪ ﻛﻨﻨﺪﻩ ﻣﻴﻚ ﻣﺎﺩﻩ ﺗﻮﻟﻳﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ 
ﺍﺯ  ﻲﻜ ـﻳﺰ ﻴ ـﻧﻦ ﻴﻛـﺎﺋﻮﻟ  .01ﺟـﺪﺍ ﻛـﺮﺩ  ﻲﺖ ﺭﺍ ﺍﺯ ﻣﺤﻠـﻮﻝ ﺁﺑ  ـﻴﺯﺋﻮﻟ
 ﻳﻲﺎﻴﻤﻴﻤﺖ ﻭ ﺩﺭ ﺩﺳﺘﺮﺱ ﺍﺳﺖ ﻛﻪ ﺳﺎﺧﺘﺎﺭ ﺷﻴﺍﺭﺯﺍﻥ ﻗﻫﺎﻱ  ﺟﺎﺫﺏ
ﻦ ﻳ  ـﺑﺎﺷـﺪ. ﺍ  ﻣﻲ O2H2.2OiS2.302LAﺎ ﻳﻭ  5O2iS2LAﺁﻥ ﻣﻌﻤﻮﻻ 
ﺑـﻮﺩﻩ ﻭ ﺑـﻪ ﺻـﻮﺭﺕ  ﻲﺴـﺘﺎﻟﻳﻛﺮ ﺳـﺎﺧﺘﺎﺭ ﻱﻦ ﺩﺍﺭﺍﻴﻣـﺎﺩﻩ ﻫﻤﭽﻨـ
ﻫﺮ ﺟﻔﺖ  ﺷﻮﺩ. ﻣﻲ ﺪﻩﻳﺩ ،ﺍﻧﺪ ﻫﻢ ﻗﺮﺍﺭ ﮔﺮﻓﺘﻪ ﻱﻛﻪ ﺑﺮ ﺭﻭ ﻲﺻﻔﺤﺎﺗ
ﮋﻥ ﺑـﻪ ﻴﻚ ﺍﺗـﻢ ﺍﻛﺴ ـﻳﻫﻢ ﺗﻮﺳﻂ  ﻱﺍﺯ ﺻﻔﺤﺎﺕ ﻗﺮﺍﺭ ﮔﺮﻓﺘﻪ ﺑﺮ ﺭﻭ
 ﻱﻮﻧـﺪﻫﺎ ﻴﻦ ﺻـﻔﺤﺎﺕ ﺗﻮﺳـﻂ ﭘ ﻳ ـﮕﺮ ﻣﺘﺼـﻞ ﺷـﺪﻩ ﺍﻧـﺪ ﻭ ﺍ ﻳﻜﺪﻳ
ﻞ ﺩﺭ ﻛﻨﺎﺭ ﻴﺪﺭﻭﻛﺴﻴﻫ-ﻮﻡﻴﻨﻴﮋﻥ ﻭ ﺁﻟﻮﻣﻴﺍﻛﺴ-ﻜﺎﻴﻠﻴﻦ ﺳﻴﺑ ﻲﺪﺭﻭژﻧﻴﻫ
ﺍﻣﻜـﺎﻥ  ﻲﺑﺮﺭﺳ ـ ،ﻖﻴﻦ ﺗﺤﻘﻳﻫﺪﻑ ﺍﺯ ﺍ .11ﺍﻧﺪﺷﺪﻩ ﻧﮕﻪ ﺩﺍﺷﺘﻪ  ،ﻫﻢ
 ﻱﺑـﺮ ﺭﻭ  ﻲﻮﻧﻳ ـﻮﻡ ﺑـﺎ ﺍﺳـﺘﻔﺎﺩﻩ ﺍﺯ ﺭﻭﺵ ﺗﺒـﺎﺩﻝ ﻴﻮﻥ ﺁﻣﻮﻧﻳﺣﺬﻑ 
ﺖ ﻴ ـﻦ ﺯﺋﻮﻟﻴﻦ ﻭ ﻫﻤﭽﻨ ـﻴﺖ ﺳـﺎﺧﺘﻪ ﺷـﺪﻩ ﺍﺯ ﻛـﺎﺋﻮﻟ ﻴﻦ، ﺯﺋﻮﻟﻴﻛﺎﺋﻮﻟ
ﻣﺎﻧﻨـﺪ ﺩﻭﺯ ﻫـﺎﻳﻲ  ﺮﻴ ـﻦ ﻣﻨﻈﻮﺭ ﺍﺯ ﻣﺘﻐﻳﺑﺎﺷﺪ ﻛﻪ ﺑﻪ ﺍ ﻣﻲ ﻣﮕﻨﺖ ﺷﺪﻩ
 ﻭ ﻲﻪ ﻣﺤﻠـﻮﻝ ﺁﺑ  ـﻴ  ـﺍﻭﻟ Hpﺰﺍﻥ ﻴ ـﻮﻡ، ﻣﻴ ـﻪ ﺁﻣﻮﻧﻴﺟﺎﺫﺏ، ﻏﻠﻈﺖ ﺍﻭﻟ
 ﺰ ﺍﺳﺘﻔﺎﺩﻩ ﺷﺪﻩ ﺍﺳﺖ.ﻴﻣﺨﺘﻠﻒ ﺟﺬﺏ ﻧﻫﺎﻱ  ﺯﻣﺎﻥﻦ ﻴﻫﻤﭽﻨ
 
 ﻫﺎ ﻣﻮﺍﺩ ﻭ ﺭﻭﺵ
ﺶ ﺑـﻪ ﻳﻣـﻮﺭﺩ ﺁﺯﻣـﺎ ﻫـﺎﻱ ﺣﺎﺿـﺮ، ﻧﻤﻮﻧـﻪ  ﻲﺩﺭ ﻣﻄﺎﻟﻌﻪ ﺗﺠﺮﺑ  ـ
 anihCﺍﺯ ﺷـﺮﻛﺖ  ﻲﺮﺍﻧﻳﻦ ﺍﻴﻛﺎﺋﻮﻟﺪ. ﻳﻪ ﮔﺮﺩﻴﺗﻬ ﻲﺻﻮﺭﺕ ﻣﺼﻨﻮﻋ
ﻮﻡ ﻴﺪ ﺁﻣﻮﻧﻳﻣﻮﺭﺩ ﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ ﺟﻤﻠﻪ ﻛﻠﺮ ﻳﻲﺎﻴﻤﻴﻪ ﻭ ﻣﻮﺍﺩ ﺷﻴﺗﻬ yalC
ﺍﺯ  ،Hpﻢ ﻴﺟﻬﺖ ﺗﻨﻈ ـﺪ.ﻳ ـﮔﺮﺩ ﻱﺪﺍﺭﻳﺧﺮ )ﺁﻟﻤﺎﻥ( ﺍﺯ ﺷﺮﻛﺖ ﻣﺮﻙ
ﺁﻥ ﺍﺯ  ﻱﺮﻴ  ـﺍﻧـﺪﺍﺯﻩ ﮔ  ﻱﻧﺮﻣﺎﻝ ﻭ ﺑﺮﺍ 0/1ﻚ ﻭ ﺳﻮﺩ ﻳﺪ ﺳﻮﻟﻔﻮﺭﻴﺍﺳ
ﻫـﻢ ﺯﺩﻥ  ( ﺍﺳـﺘﻔﺎﺩﻩ ﺷـﺪ.4 noisneS HCAHﻣﺘـﺮ )ﻣـﺪﻝ  Hp
ﺟـﺎﺫﺏ  ﻱ( ﻭ ﺟﺪﺍﺳﺎﺯamza sraPﻜﺮ )ﻣﺪﻝ ﻴﺑﺎ ﻛﻤﻚ ﺷﻫﺎ  ﻧﻤﻮﻧﻪ
 ﺪ.ﻳ ـ( ﺍﻧﺠـﺎﻡ ﮔﺮﺩ 103 amgiSﻔﻮژ )ﻣﺪﻝ ﻳﺗﻮﺳﻂ ﺳﺎﻧﺘﺮﻫﺎ  ﺍﺯ ﻧﻤﻮﻧﻪ
ﺗﻮﺳـﻂ  0006RDﺑـﺎ ﺩﺳـﺘﮕﺎﻩ ﻮﻡ ﺗﻮﺳﻂ ﺭﻭﺵ ﻧﺴﻠﺮ ﻴﻏﻠﻈﺖ ﺁﻣﻮﻧ
 524ﻨـﺮﺍﻝ ﺩﺭ ﻃـﻮﻝ ﻣـﻮﺝ ﻴﻞ ﻭ ﻣﻴ ـﻨﻳﻭ ﻲﻧﺴـﻠﺮ ، ﭘﻠ ـﻫـﺎﻱ  ﻣﻌﺮﻑ
 .ﺷﺪﻩ ﺍﺳﺖ ﻱﺮﻴﮔ ﻧﺎﻧﻮﻣﺘﺮ ﺍﻧﺪﺍﺯﻩ
ﻪ ﻳ  ـﺑـﺮ ﭘﺎ  ،ﺪﺭﻭﺗﺮﻣﺎﻝﻴﺖ ﺳﻨﺘﺰ ﺷﺪﻩ ﺑﺎ ﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ ﺭﻭﺵ ﻫﻴﺯﺋﻮﻟ
 ﻲﺑﺮ ﺍﺳﺎﺱ ﻛﺎﺭﺑﺮﺩ ﻛـﻮﺭﻩ ﻣـﺎﻓﻠ  ،ﻲﺮﺍﻧﻳﻦ ﺍﻴﻦ ﺍﺯ ﻛﺎﺋﻮﻟﻴﻪ ﻣﺘﺎﻛﺎﺋﻮﻟﻴﺗﻬ
ﺪ. ﻳﻪ ﮔﺮﺩﻴﻋﺖ ﺗﻬﮔﺮﺍﺩ ﺑﻪ ﻣﺪﺕ ﺩﻭ ﺳﺎ ﻲﺩﺭﺟﻪ ﺳﺎﻧﺘ 058 ﻱﺩﺭ ﺩﻣﺎ
ﻢ ﻳﺪ ﺳـﺪ ﻴﺪﺭﻭﻛﺴ ـﻴﺑـﺎ ﻫ  ،ﻲﻦ ﺳﺎﺧﺘﻪ ﺷﺪﻩ ﺩﺭ ﻛﻮﺭﻩ ﻣـﺎﻓﻠ ﻴﻣﺘﺎﻛﺎﺋﻮﻟ
ﺑـﻪ  ،ﺸﮕﺎﻩﻳﺁﺯﻣﺎ ﻱﻘﻪ ﺩﺭ ﺩﻣﺎﻴﺩﻗ 01ﻣﺨﻠﻮﻁ ﻭ ﺑﻪ ﻣﺪﺕ  ﺭﻣﻮﻻ 1/5
ﺑـﻪ ﻣﻨﻈـﻮﺭ  ،ﻊﻳﻣﺎ/ﻫﻢ ﺯﺩﻩ ﺷﺪ. ﻧﺴﺒﺖ ﺟﺎﻣﺪ ،ﻱﺳﺎﺯ ﻫﻤﮕﻦﻣﻨﻈﻮﺭ 
ﺑﺎﺷـﺪ. ﻣـﺎﺩﻩ ﺣﺎﺻـﻞ ﺑـﺎ ﻣـﻲ  04L/g ﻦﻴﺖ ﺍﺯ ﻣﺘﺎ ﻛﺎﺋﻮﻟﻴﺪ ﺯﺋﻮﻟﻴﺗﻮﻟ
ﺪ ﻭ ﺩﺭ ﻓﺸـﺎﺭ ﻳ ـﮔﺮﺩ ﻱﻒ ﺑـﻮﺧﻨﺮ ﺟﺪﺍﺳـﺎﺯ ﻴﻭ ﻗ ﻲﻩ ﺍﺯ ﺻﺎﻓﺍﺳﺘﻔﺎﺩ
ﺧﺸـﻚ ﺷـﺪ.  ،ﺳﺎﻋﺖ 42ﺩﺭﺟﻪ ﺑﻪ ﻣﺪﺕ  001 ﻱﺩﺭ ﺩﻣﺎ ،ﺍﺗﻤﺴﻔﺮ
 ﻱﺩﺭ ﺩﻣـﺎ  ﺍﺑﺎﺭ ﺑﺎ ﺁﺏ ﻣﻘﻄﺮ ﺷﺴﺘﻪ ﺷـﺪﻩ ﻭ ﻣﺠـﺪﺩ  3 ﻱﺪﻴﭘﻮﺩﺭ ﺗﻮﻟ
ﺑـﻪ  ﺪ.ﻳ ـﺳـﺎﻋﺖ ﺧﺸـﻚ ﮔﺮﺩ  42ﮔﺮﺍﺩ ﺑﻪ ﻣﺪﺕ  ﻲﺩﺭﺟﻪ ﺳﺎﻧﺘ 08
ﺪ ﺷﺪﻩ ﺩﺭ ﻣﺮﺍﺣـﻞ ﻴﺖ ﺗﻮﻟﻴﺖ ﻣﮕﻨﺖ ﺷﺪﻩ، ﺯﺋﻮﻟﻴﺪ ﺯﺋﻮﻟﻴﻣﻨﻈﻮﺭ ﺗﻮﻟ
 1/59ﺑـﺎ  ﺨﺘـﻪ ﻭ ﻳﺭ ﺘـﺮ ﻴﻟ ﻲﻠﻴﻣ 001ﺑﻪ ﺣﺠﻢ  ﻲﺭﺍ ﺩﺭ ﻣﺤﻠﻮﻟ ﻲﻗﺒﻠ
( 41lomm ﮔــﺮﻡ ﺍﺯ ) 0/579ﻭ  3lCeF( 82lomm ﮔــﺮﻡ ﺍﺯ )
 ﻲﺳ ـ ﻲﺳ ـ 52ﮔﺮﺍﺩ ﻣﺨﻠﻮﻁ ﻭ  ﻲﺩﺭﺟﻪ ﺳﺎﻧﺘ 07 ﻱﺩﺭ ﺩﻣﺎ 4OSeF
ﺑﻪ ﺻﻮﺭﺕ ﻗﻄﺮﻩ ﻗﻄﺮﻩ ﺑﻪ  ﻣﻮﻻﺭ 1/52ﻢ ﻳﺪ ﺳﺪﻴﺪﺭﻭﻛﺴﻴﻣﺤﻠﻮﻝ ﻫ
 1:3ﺪ ﺁﻫـﻦ ﻴﺖ ﺑﻪ ﺍﻛﺴﻴ. ﻧﺴﺒﺖ ﺍﻓﺰﻭﺩﻥ ﺯﺋﻮﻟﺪﻳﮔﺮﺩﻣﺤﻠﻮﻝ ﺍﺿﺎﻓﻪ 
ﻜﺮﻭﻥ ﻋﺒﻮﺭ ﻭ ﻴﻣ 0/54 ﻲﺍﺯ ﺻﺎﻓ ﻱﺪﻴﺪ. ﻣﺤﺼﻮﻝ ﺗﻮﻟﻳﺍﻧﺘﺨﺎﺏ ﮔﺮﺩ
ﮔـﺮﺍﺩ ﺧﺸـﻚ  ﻲﺩﺭﺟـﻪ ﺳـﺎﻧﺘ  001 ﻱﺳـﺎﻋﺖ ﺩﺭ ﺩﻣـﺎ  3ﺑﻪ ﻣﺪﺕ 
 ﻚ،ﻳ ـﺰﻭﺍﻟﻜﺘﺮﻳﺩﺭ ﻧﻘﻄـﻪ ﺍ  Hpﺰﺍﻥ ﻴ ـﻣﻨﻈـﻮﺭ ﻣﺤﺎﺳـﺒﻪ ﻣ ﻪ ﺪ. ﺑ  ـﻳﮔﺮﺩ
  0/100 ، ﺍﺯ ﻣﺤﻠﻮﻝ ﻧﻤﻚ ﻃﻌﺎﻡ)egrahC oreZ fo tnioP( CZPHp
ﺪ ﻴﺍﺳـﺳـﻮﺩ ﻭ ﻫـﺎﻱ  ﺖ ﻭ ﺍﺯ ﻣﺤﻠـﻮﻝﻴـﻣـﻮﻻﺭ ﺑـﻪ ﻋﻨـﻮﺍﻥ ﺍﻟﻜﺘﺮﻭﻟ
  Hp.ﺪﻳ ـﻣﻮﻻﺭ ﺑﻪ ﻋﻨﻮﺍﻥ ﻛﻨﺘﺮﻝ ﻛﻨﻨﺪﻩ ﺍﺳﺘﻔﺎﺩﻩ ﮔﺮﺩ 0/1ﻚ ﻳﺪﺭﻳﻛﻠﺮ
ﮔﺮﻡ ﺍﺯ ﺟـﺎﺫﺏ  0/5 .ﮔﺮﺩﺩ ﻣﻲ ﻢﻴﺗﻨﻈ 2-21ﺩﺭ ﻣﺤﺪﻭﺩﻩ ﻫﺎ  ﻣﺤﻠﻮﻝ
ﺩﺭ ﺩﻭﺭ  051ﺳﺎﻋﺖ ﺑـﺎ ﺳـﺮﻋﺖ  42ﺑﻪ ﻣﺪﺕ  ﺑﻪ ﻣﺤﻠﻮﻝ ﺍﺿﺎﻓﻪ ﻭ
 ،ﻳﻲﻧﻬﺎ Hpﺰﺍﻥ ﻴﻣ ،ﺷﺪﻥ ﺯﻣﺎﻥ ﻱﻭ ﭘﺲ ﺍﺯ ﺳﭙﺮ ﺮﺩﻴﮔ ﻣﻲ ﻗﺮﺍﺭﻘﻪ ﻴﺩﻗ
ﻣﺘـﺮ ﻗﺮﺍﺋـﺖ   Hpﺑـﺎ ﺍﺳـﺘﻔﺎﺩﻩ ﺍﺯ ﺩﺳـﺘﮕﺎﻩ  ،ﻱﭘﺲ ﺍﺯ ﺻـﺎﻑ ﺳـﺎﺯ 
 ﺪ. ﻳﮔﺮﺩ
 ledom ,noitcarffiD yaR-X) Xﭘـﺮﺍﻛﻨﺶ ﺍﺷـﻌﻪ  ﺁﺯﻣـﻮﻥ
 ﻫﺎﻱ ﺁﺑﻲ ﺍﺯ ﻣﺤﻴﻂﺯﺋﻮﻟﻴﺖ ﺗﻬﻴﻪ ﺷﺪﻩ ﺍﺯ ﻛﺎﺋﻮﻟﻴﻦ ﻭ ﺯﺋﻮﻟﻴﺖ ﻣﮕﻨﺖ ﺷﺪﻩ  ﺑﺮﺭﺳﻲ ﺣﺬﻑ ﺁﻣﻮﻧﻴﻮﻡ ﺑﺎ ﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ ﻛﺎﺋﻮﻟﻴﻦ،
 513    ♦    3931 ﺗﺎﺑﺴﺘﺎﻥ، 4ﺳﺎﻝ ﺍﻭﻝ، ﺷﻤﺎﺭﻩ  ،ﻣﺠﻠﻪ ﻣﻬﻨﺪﺳﻲ ﺑﻬﺪﺍﺷﺖ ﻣﺤﻴﻂ
 ﺒـﺎﺕ، ﻴﺗﺮﻛ ﻱﺳﺎﺧﺘﺎﺭ ﺑﻠﻮﺭ ﻲﺑﻪ ﻣﻨﻈﻮﺭ ﺑﺮﺭﺳ ( 0081WP spilihP
 nortcele gninnacS) ﻲﺭﻭﺑﺸــ ﻲﻜﺮﻭﺳــﻜﻮپ ﺍﻟﻜﺘﺮﻭﻧــﻴﻣ
ﺷـﻜﻞ  ﻲﻣﻨﻈﻮﺭ ﺑﺮﺭﺳﻪ ﺑ  (PV5541 OEL ledom ,ypocsorcim
 ﻣــﺎﺩﻭﻥ ﻗﺮﻣــﺰ  ﻲﻒ ﺳــﻨﺠﻴــﻃ ﻭ ،ﺕﺒــﺎﻴﺗﺮﻛ ﻱﻭ ﻣﻮﺭﻭﻓﻮﻟــﻮژ
 ledom ,ypocsortcepS derarfnI mrofsnarT reiruoF)
ﻣﻨﻈـﻮﺭ ﻪ ﺑ  ـ 004-0004 1-mcﻲﺩﺭ ﻋﺪﺩ ﻣـﻮﺟ (  v66SFI rekurB
ﺖ ﺳـﻨﺘﺰ ﻴ ـﻦ ﻭ ﺯﺋﻮﻟﻴﻦ، ﻣﺘﺎﻛـﺎﺋﻮﻟ ﻴﻛـﺎﺋﻮﻟ  ﻲﻋﺎﻣﻠﻫﺎﻱ  ﮔﺮﻭﻩ ﻲﺑﺮﺭﺳ
ﻦ ﻴﻛـﺎﺋﻮﻟ  ﻳﻲﺎﻴﻤﻴﻭ ﺷ ـ ﻲﻜﻳﺰﻴﻓﻫﺎﻱ  ﻲﮋﮔﻳﺮﻓﺖ. ﻭﻳﺷﺪﻩ ﺻﻮﺭﺕ ﭘﺬ
 ﺍﺳﺖ.  ﺁﻭﺭﺩﻩ ﺷﺪﻩ 1ﺩﺭ ﺟﺪﻭﻝ  ﻲﺮﺍﻧﻳﺍ
 
 ﺸﺎﺕ ﺟﺬﺏﻳﺁﺯﻣﺎ
ﻂ ﻣﺘﻔـﺎﻭﺕ ﻳﺩﺭ ﺷﺮﺍ ﻭ ﺸﺎﺕ ﺟﺬﺏ ﺗﻮﺳﻂ ﺭﻭﺵ ﻣﻨﻘﻄﻊﻳﺁﺯﻣﺎ
ﻣﻄﺎﻟﻌـﺎﺕ ﺩﺭ ﺳـﻪ ﻣﺮﺣﻠـﻪ  ،ﻦ ﭘـﮋﻭﻫﺶﻳـﺻـﻮﺭﺕ ﮔﺮﻓـﺖ. ﺩﺭ ﺍ
ﻮﻡ ﺑﺎ ﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ ﻴﻦ ﺭﺍﻧﺪﻣﺎﻥ ﺣﺬﻑ ﺁﻣﻮﻧﻴﻴ( ﺗﻌ1) :ﺮﻓﺖﻳﺻﻮﺭﺕ ﭘﺬ
ﻮﻡ ﺑـﺎ ﺍﺳـﺘﻔﺎﺩﻩ ﺍﺯ ﻴ ـﻦ ﺭﺍﻧﺪﻣﺎﻥ ﺣﺬﻑ ﺁﻣﻮﻧﻴﻴ( ﺗﻌ2ﺮﺍﻥ، )ﻳﻦ ﺍﻴﻛﺎﺋﻮﻟ
ﻮﻡ ﺑﺎ ﺍﺳـﺘﻔﺎﺩﻩ ﻴﺭﺍﻧﺪﻣﺎﻥ ﺣﺬﻑ ﺁﻣﻮﻧ ﻦﻴﻴ( ﺗﻌ3ﺖ ﺳﻨﺘﺰ ﺷﺪﻩ، )ﻴﺯﺋﻮﻟ
ﺮﻫﺎ ﺑﺮ ﻴﻣﺘﻐ ﻱﺮ ﮔﺬﺍﺭﻴﺗﺎﺛ ﻲﺖ ﻣﮕﻨﺖ ﺷﺪﻩ. ﺑﻪ ﻣﻨﻈﻮﺭ ﺑﺮﺭﺳﻴﺍﺯ ﺯﺋﻮﻟ
 2/5L/g (، ﺩﺯ ﺟـﺎﺫﺏ) 3-11) Hpﺰﺍﻥﻴﻮﻡ، ﻣﻴﺭﺍﻧﺪﻣﺎﻥ ﺣﺬﻑ ﺁﻣﻮﻧ
( ﻭ ﺯﻣـﺎﻥ ﺗﻤـﺎﺱ 1-02L/gm ﻮﻡ )ﻴـﻪ ﺁﻣﻮﻧﻴـ(، ﻏﻠﻈـﺖ ﺍﻭﻟ0/5-
ﺘـﺮ ﻴﻟ ﻲﻠﻴﻣ 05ﺩﺭ ﺣﺠﻢ ﻫﺎ  ﺪ. ﻧﻤﻮﻧﻪﻳ( ﺍﻧﺘﺨﺎﺏ ﮔﺮﺩ01-042nim)
ﻘﻪ ﺩﺭ ﻧﻈـﺮ ﮔﺮﻓﺘـﻪ ﺷـﺪﻩ ﺍﻧـﺪ. ﻴﺩﻭﺭ ﺩﺭ ﺩﻗ 081ﻫﻤﺰﺩﻥ ﻭ ﺳﺮﻋﺖ 
ﺗﻮﺳـﻂ ﺭﻭﺵ ﻧﺴـﻠﺮ ﺑـﺎ ﺩﺳـﺘﮕﺎﻩ  ،ﻣﺎﻧـﺪﻩ ﻲﻮﻡ ﺑـﺎﻗﻴـﻏﻠﻈـﺖ ﺁﻣﻮﻧ
ﻨﺮﺍﻝ ﺩﺭ ﻃـﻮﻝ ﻴﻞ ﻭ ﻣﻴﻨﻳﻭ ﻲ، ﭘﻠﻧﺴﻠﺮﻫﺎﻱ  ﺗﻮﺳﻂ ﻣﻌﺮﻑ 0006RD
ﺖ ﺟـﺬﺏ ﻭ ﻴ ـﺷـﺪﻩ ﺍﺳـﺖ. ﻇﺮﻓ  ﻱﺮﻴ  ـﻧﺎﻧﻮﻣﺘﺮ ﺍﻧﺪﺍﺯﻩ ﮔ 524ﻣﻮﺝ 
  (2( ﻭ )1) ﺍﺑـﻂ ﻭﺐ ﺑﺎ ﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ ﺭﻴﻮﻡ ﺑﻪ ﺗﺮﺗﻴﺭﺍﻧﺪﻣﺎﻥ ﺣﺬﻑ ﺁﻣﻮﻧ
 ﻗﺎﺑﻞ ﻣﺤﺎﺳﺒﻪ ﺍﺳﺖ.
 M/V×)eC-0C(=eq                                         ( 1ﺭﺍﺑﻄﻪ )
 0C،   g/gmﺖ ﺟـﺬﺏ ﺑﺮﺣﺴـﺐ ﻴ ـﻇﺮﻓ eqﻦ ﺭﺍﺑﻄـﻪ ﻳ ـﻛﻪ ﺩﺭ ﺍ
ﻮﻡ ﻴ ــﺁﻣﻮﻧ ﻳﻲﻏﻠﻈ ــﺖ ﻧﻬ ــﺎ eC(، L/gmﻮﻡ )ﻴ ــﻪ ﺁﻣﻮﻧﻴ ــﻏﻠﻈ ــﺖ ﺍﻭﻟ
 ﺑﺎﺷﺪ. ﻣﻲ (g) ﺰﺍﻥ ﺟﺎﺫﺏﻴﻣ M( ﻭ L) ﺣﺠﻢ ﻧﻤﻮﻧﻪ V(، L/gm)
 001×0C/)eC-0C( =R                                      (2ﺭﺍﺑﻄﻪ )
ﻏﻠﻈـﺖ  0C )%(، ﻮﻡﻴ ـﺩﺭﺻﺪ ﺣـﺬﻑ ﺁﻣﻮﻧ  Rﻦ ﺭﺍﺑﻄﻪ ﻳﻛﻪ ﺩﺭ ﺍ




 ﻫﺎﻱ ﻛﺎﺋﻮﻟﻴﻦ ﻭ ﺯﺋﻮﻟﻴﺖ ﺳﻨﺘﺰ ﺷﺪﻩ ﻲﮋﮔﻳﻦ ﻭﻴﻴﺗﻌ
ﺖ ﻴ ـﻦ ﻭ ﺯﺋﻮﻟﻴﻛـﺎﺋﻮﻟ  DRX ﻱﻧﺸﺎﻥ ﺩﻫﻨﺪﻩ ﺍﻟﮕـﻮ  ،(1) ﻧﻤﻮﺩﺍﺭ
ﻃﻮﺭ ﻛـﻪ ﻗﺎﺑـﻞ ﻣﺸـﺎﻫﺪﻩ ﺍﺳـﺖ،  ﻫﻤﺎﻥ .ﺑﺎﺷﺪ ﻣﻲ ﺳﻨﺘﺰ ﺷﺪﻩ ﺍﺯ ﺁﻥ
ﻇـﺎﻫﺮ  2θ= 12 ﻭ 72ﻪ  ﻳ ـﻇﺎﻫﺮ ﺷـﺪﻩ ﺩﺭ ﺯﺍﻭ ﻫﺎﻱ  ﻚﻴﻦ ﭘﻳﺗﺮ ﻣﻬﻢ
 ﺪﻩ ﺍﺳﺖ.ﻳﮔﺮﺩ
 ﻲﺮﺍﻧﻳﻦ ﺍﻴﻛﺎﺋﻮﻟ ﻳﻲﺎﻴﻤﻴﻭ ﺷ ﻲﻜﻳﺰﻴﻓﻫﺎﻱ  ﻲﮋﮔﻳﻭ :1ﺟﺪﻭﻝ 
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 ﺖ ﺳﻨﺘﺰ ﺷﺪﻩﻴﻮﻟ( ﺯﺋb) ﻲﺮﺍﻧﻳﻦ ﺍﻴ( ﻛﺎﺋﻮﻟa) DRX ﻱﺍﻟﮕﻮ :1ﻧﻤﻮﺩﺍﺭ 
 .
ﺖ ﺩﺭ ﺍﺑﻌـﺎﺩ ﻴ ـﺮ ﺯﺋﻮﻟﻳ(: ﺗﺼﻮcﻜﺮﻭﻣﺘﺮ )ﻴﻣ 01ﺖ ﺩﺭ ﺍﺑﻌﺎﺩ ﻴﺮ ﺯﺋﻮﻟﻳ(: ﺗﺼﻮbﻦ )ﻴﺮ ﻛﺎﺋﻮﻟﻳ(: ﺗﺼﻮaﺖ ﺳﻨﺘﺰ ﺷﺪﻩ ﺍﺯ ﺁﻥ )ﻴﻦ ﻭ ﺯﺋﻮﻟﻴﻣﺮﺑﻮﻁ ﺑﻪ ﻛﺎﺋﻮﻟ MESﺮ ﻳﺗﺼﻮ: 1ﺷﻜﻞ 
 ﻜﺮﻭﻥﻴﻣ 1ﺖ ﺩﺭ ﺍﺑﻌﺎﺩ ﻴﺮ ﺯﺋﻮﻟﻳ(: ﺗﺼﻮdﻜﺮﻭﻥ )ﻴﻣ 1
 
 ﻱﻭ ﺷـﻜﻞ ﺳـﺎﺧﺘﺎﺭ  ﻱﻣﺮﺑـﻮﻁ ﺑـﻪ ﻣﻮﺭﻓﻮﻟـﻮژ  MESﺮ ﻳﺗﺼﺎﻭ
ﺁﻭﺭﺩﻩ ﺷـﺪﻩ  1ﺰ ﺩﺭ ﺷـﻜﻞ ﻴ ـﺖ ﺳﻨﺘﺰ ﺷﺪﻩ ﺍﺯ ﺁﻥ ﻧﻴﻦ ﻭ ﺯﺋﻮﻟﻴﺎﺋﻮﻟﻛ
ﺖ ﺳـﻨﺘﺰ ﺷـﺪﻩ ﻴﻦ ﻭ ﺯﺋﻮﻟﻴﻣﻮﺟﻮﺩ ﺩﺭ ﻛﺎﺋﻮﻟ ﻲﻋﺎﻣﻠﻫﺎﻱ  ﺍﺳﺖ.ﮔﺮﻭﻩ
 ( ﺁﻭﺭﺩﻩ ﺷﺪﻩ ﺍﺳﺖ.2) ﻧﻤﻮﺩﺍﺭﺍﺯ ﺁﻥ ﺩﺭ 
 
 ﻮﻡﻴﺑﺮ ﺭﺍﻧﺪﻣﺎﻥ ﺣﺬﻑ ﺁﻣﻮﻧ Hpﺮﺍﺕ ﻴﻴﺮ ﺗﻐﻴﺗﺎﺛ ﻲﺑﺮﺭﺳ
ﻮﻡ ﻴ ـﻮﻥ ﺁﻣﻮﻧﻳﺭﺍ ﺩﺭ ﺣﺬﻑ  ﻱﺮ ﻗﺎﺑﻞ ﻣﻼﺣﻈﻪ ﺍﻴﺗﺎﺛ ،Hpﺰﺍﻥ ﻴﻣ
ﻫﺎﻱ  ﻲﮋﮔﻳﻭ ﻱﻦ ﭘﺎﺭﺍﻣﺘﺮ ﻧﻪ ﻓﻘﻂ ﺑﺮ ﺭﻭﻳﺩﺍﺭﺩ. ﺍ ﻲﺁﺑﻫﺎﻱ  ﻮﻝﺍﺯ ﻣﺤﻠ
ﮔـﺬﺍﺭ ﺍﺳـﺖ. ﺮﻴﺰ ﺗﺎﺛﻴﺖ ﻧﻴﺟﺎﺫﺏ ﺯﺋﻮﻟ ﻱﺑﻠﻜﻪ ﺑﺮ ﺭﻭ ،ﻮﻡﻴﻮﻥ ﺁﻣﻮﻧﻳ




 ﻫﺎﻱ ﺁﺑﻲ ﺍﺯ ﻣﺤﻴﻂﺯﺋﻮﻟﻴﺖ ﺗﻬﻴﻪ ﺷﺪﻩ ﺍﺯ ﻛﺎﺋﻮﻟﻴﻦ ﻭ ﺯﺋﻮﻟﻴﺖ ﻣﮕﻨﺖ ﺷﺪﻩ  ﺑﺮﺭﺳﻲ ﺣﺬﻑ ﺁﻣﻮﻧﻴﻮﻡ ﺑﺎ ﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ ﻛﺎﺋﻮﻟﻴﻦ،
 713    ♦    3931 ﺗﺎﺑﺴﺘﺎﻥ، 4ﺳﺎﻝ ﺍﻭﻝ، ﺷﻤﺎﺭﻩ  ،ﻣﺠﻠﻪ ﻣﻬﻨﺪﺳﻲ ﺑﻬﺪﺍﺷﺖ ﻣﺤﻴﻂ
ﻃـﻮﺭ ﻛـﻪ ﺩﺭ  ( ﺩﺭ ﻧﻈﺮ ﮔﺮﻓﺘﻪ ﺷﺪ. ﻫﻤﺎﻥ3-11) Hpﺍﺯ  ﻱﮔﺴﺘﺮﻩ ﺍ
 ﺭﺍﻧـﺪﻣﺎﻥ  ،ﻱﺪﻴﺍﺳـ Hpﺳـﺖ، ﺩﺭ ( ﻧﺸـﺎﻥ ﺩﺍﺩﻩ ﺷـﺪﻩ ﺍ3)ﻧﻤـﻮﺩﺍﺭ 
 ﺰﺍﻥﻴ ـﻣ ،ﺐﻴ ـﻦ ﺗﺮﺗﻳ ـﺍﺳـﺖ.  ﺑـﻪ ﺍ  ﻳﻲﺎﻴ ـﺣﺬﻑ ﻛﻤﺘـﺮ ﺍﺯ ﻣﻘـﺪﺍﺭ ﻗﻠ 
 ﺰﺍﻥﻴـﺪ. ﻣﻳـﻨـﻪ ﺍﻧﺘﺨـﺎﺏ ﮔﺮﺩﻴﺑﻬ Hpﺑـﻪ ﻋﻨـﻮﺍﻥ  7ﺑﺮﺍﺑـﺮ ﺑـﺎ  Hp
 7ﻦ، ﺣـﺪﻭﺩ ﻴﻛـﺎﺋﻮﻟ ﻱ( ﺑـﺮﺍczpHpﻚ )ﻳـﺰﻭﺍﻟﻜﺘﺮﻳﺩﺭ ﻧﻘﻄـﻪ ﺍ Hp
 ﺑﺎﺷﺪ. ﻣﻲ
 
ﺮﺍﺕ ﺯﻣﺎﻥ ﺗﻤﺎﺱ ﺑـﺮ ﺭﺍﻧـﺪﻣﺎﻥ ﺣـﺬﻑ ﻴﻴﺮ ﺗﻐﻴﺗﺎﺛ ﻲﺑﺮﺭﺳ
 ﻮﻡﻴﺁﻣﻮﻧ
ﺎﺯ ﺑـﻪ ﻴ ـﻭﺍﻛﻨﺶ ﻧ ﻲﻮﻧﻳﺟﺬﺏ ﻭ ﺗﺒﺎﺩﻝ  ﻓﺮﺁﻳﻨﺪﺎﻡ ﺑﻪ ﻣﻨﻈﻮﺭ ﺍﻧﺠ
ﺮﺍﺕ ﺯﻣﺎﻥ ﺗﻤﺎﺱ ﺑﺮ ﻴﻴﺮ ﺗﻐﻴﺗﺎﺛ ﻲﺪﻥ ﺑﻪ ﺗﻌﺎﺩﻝ ﺩﺍﺭﺩ. ﺑﺮﺭﺳﻴﺯﻣﺎﻥ ﺭﺳ










 ﻦﻴﺖ ﺳﻨﺘﺰ ﺷﺪﻩ ﻛﺎﺋﻮﻟﻴﺯﺋﻮﻟ RITF( ﻧﻤﻮﺩﺍﺭ b) ﻲﺮﺍﻧﻳﻦ ﺍﻴﻛﺎﺋﻮﻟ RITF( ﻧﻤﻮﺩﺍﺭ a) :2ﻧﻤﻮﺩﺍﺭ 
 
 ﻥﺯﻫﺮﺍ ﺭﺣﻤﺎﻧﻲ ﻭ ﻫﻤﻜﺎﺭﺍ
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 ﺖ ﻴ ـ( ﺯﺋﻮﻟbﻦ ،)ﻴ( ﻛـﺎﺋﻮﻟ a( )2 L/gm ﻮﻡﻴ ـﻘـﻪ، ﻏﻠﻈـﺖ ﺁﻣﻮﻧ ﻴﺩﻗ 021، ﺯﻣـﺎﻥ  1/5 L/g )ﺩﺯ ﺟﺎﺫﺏ Hpﺮﺍﺕ ﻴﻴﻮﻡ ﺩﺭ ﺍﺛﺮ ﺗﻐﻴﺮﺍﺕ ﺭﺍﻧﺪﻣﺎﻥ ﺣﺬﻑ ﺁﻣﻮﻧﻴﻴﺗﻐ :3ﻧﻤﻮﺩﺍﺭ 
 ﺳﻨﺘﺰ ﺷﺪﻩ
 
 : (a( )2 L/gm ﻮﻡ:ﻴ  ـ، ﻏﻠﻈـﺖ ﺁﻣﻮﻧ  =Hp7، 2L/g ﺖ:ﻴ  ـﻟﺩﺯ ﺟـﺎﺫﺏ ﺯﺋﻮ  1/5L/g  ﻦ:ﻴ)ﺩﺯ ﺟﺎﺫﺏ ﻛﺎﺋﻮﻟ ﻮﻡﻴﺮﺍﺕ ﺯﻣﺎﻥ ﺩﺭ ﺭﺍﻧﺪﻣﺎﻥ ﺣﺬﻑ ﺁﻣﻮﻧﻴﻴﺗﻐ ﻲﺑﺮﺭﺳ :4ﻧﻤﻮﺩﺍﺭ 
 ﺖﻴ: ﺯﺋﻮﻟ(bﻦ )ﻴﻛﺎﺋﻮﻟ
 
 ﻮﻡ ﻴﺮﺍﺕ ﺩﺯ ﺟﺎﺫﺏ ﺑﺮ ﺣﺬﻑ ﺁﻣﻮﻧﻴﻴﺮ ﺗﻐﻴﺗﺎﺛ ﻲﺑﺮﺭﺳ
 5ﻧﻤﻮﺩﺍﺭ ﺮﺍﺕ ﺩﺯ ﺟﺎﺫﺏ ﺩﺭ ﻴﻴﺮﺍﺕ ﺭﺍﻧﺪﻣﺎﻥ ﺑﺎ ﺗﻮﺟﻪ ﺑﻪ ﺗﻐﻴﻴﺗﻐ
 ﺁﻭﺭﺩﻩ ﺷﺪﻩ ﺍﺳﺖ.
ﺶ ﻳﻧﺸﺎﻥ ﺩﺍﺩﻩ ﺷﺪﻩ ﺍﺳـﺖ، ﺑـﺎ ﺍﻓـﺰﺍ  5ﻧﻤﻮﺩﺍﺭ ﻫﻤﺎﻧﻄﻮﺭ ﻛﻪ ﺩﺭ 
ﺶ ﻳﺰ ﺍﻓـﺰﺍ ﻴ ـﻦ ﻧﻴﻛﺎﺋﻮﻟ ﻱﻮﻡ ﺑﺮ ﺭﻭﻴﺍﻧﺪﻣﺎﻥ ﺟﺬﺏ ﺁﻣﻮﻧﺩﺯ ﺟﺎﺫﺏ ﺭ
 2ﻦ ﺭﺍﻧﺪﻣﺎﻥ ﺟﺬﺏ ﺩﺭ ﻏﻠﻈﺖ ﻣﻌـﺎﺩﻝ ﻳﺸﺘﺮﻴﺑﻛﻪ  ﻱﺎﻓﺖ، ﺑﻪ ﻃﻮﺭﻳ
% ﮔﺰﺍﺭﺵ ﺷـﺪﻩ ﺍﺳـﺖ. 53/4ﺘﺮ ﺭﺥ ﺩﺍﺩ ﻛﻪ ﻣﻌﺎﺩﻝ ﻴﮔﺮﻡ ﺑﺮ ﻟ ﻲﻠﻴﻣ
ﮔـﺮﻡ ﺑـﺮ  ﻲﻠﻴﻣ 2ﺘﺮ ﺗﺎ ﻴﮔﺮﻡ ﺑﺮ ﻟ ﻲﻠﻴﻣ 0/5ﺶ ﺩﺯ ﺟﺎﺫﺏ ﺍﺯ ﻳﺑﺎ ﺍﻓﺰﺍ
 ﺪ.ﺎﺑﻳ ﻣﻲ ﺶﻳﺰ ﺍﻓﺰﺍﻴﻮﻡ ﻧﻴﺘﺮ، ﺭﺍﻧﺪﻣﺎﻥ ﺣﺬﻑ ﺁﻣﻮﻧﻴﻟ
 
 
 ﻮﻡ ﺑﺮ ﺭﺍﻧﺪﻣﺎﻥ ﺣﺬﻑ ﻴﻪ ﺁﻣﻮﻧﻴﺮ ﻏﻠﻈﺖ ﺍﻭﻟﻴﺗﺎﺛ ﻲﺑﺮﺭﺳ
ﻮﻡ ﺑـﺎ ﻴ ـﺮﺍﺕ ﺭﺍﻧـﺪﻣﺎﻥ ﺣـﺬﻑ ﺁﻣﻮﻧ ﻴﻴﺪﻫﻨﺪﻩ ﺗﻐﻧﺸﺎﻧ ،6ﻧﻤﻮﺩﺍﺭ 
 ﺑﺎﺷﺪ. ﻣﻲ ﺖ ﺳﻨﺘﺰ ﺷﺪﻩﻴﻦ ﻭ ﺯﺋﻮﻟﻴﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ ﺟﺎﺫﺏ ﻛﺎﺋﻮﻟ
ﻮﻡ ﺑﺮ ﺭﺍﻧﺪﻣﺎﻥ ﻴﻣﺨﺘﻠﻒ ﺁﻣﻮﻧﻫﺎﻱ  ﺮ ﻏﻠﻈﺖﻴﻦ ﺗﺎﺛﻴﻴﺑﻪ ﻣﻨﻈﻮﺭ ﺗﻌ
 02ﺗـﺎ  1ﻮﻡ )ﻴ ـﻣﺨﺘﻠـﻒ ﺁﻣﻮﻧ ﻫـﺎﻱ ﺍﺯ ﻏﻠﻈـﺖ  ﻱﮔﺴـﺘﺮﻩ ﺍ  ﺣﺬﻑ،
ﻨـﻪ ﻭ ﺯﻣـﺎﻥ ﻴﺑﻬ Hpﺘﺮ( ﺩﺭ ﻧﻈـﺮ ﮔﺮﻓﺘـﻪ ﺷـﺪﻩ ﻭ ﺩﺭ ﻴﮔﺮﻡ ﺑﺮ ﻟ ﻲﻠﻴﻣ
ﺶ ﻳﻣﻮﺭﺩ ﺁﺯﻣﺎ ،ﺘﺮﻴﮔﺮﻡ ﺑﺮ ﻟ ﻲﻠﻴﻣ 2ﻘﻪ ﻭ ﺩﺯ ﺟﺎﺫﺏ ﻴﺩﻗ 021ﺗﻤﺎﺱ 
( a-6)ﻧﻤـﻮﺩﺍﺭ ﺮﺍﺕ ﻏﻠﻈـﺖ ﺩﺭ ﻴﻴﺞ ﻣﺮﺑﻮﻁ ﺑﻪ ﺗﻐﻳﻗﺮﺍﺭ ﮔﺮﻓﺖ. ﻧﺘﺎ
ﮔـﺮﻡ ﺑـﺮ  ﻲﻠ ـﻴﻣ 1ﻮﻡ ﺍﺯ ﻴ ـﺶ ﻏﻠﻈﺖ ﺁﻣﻮﻧﻳﺁﻭﺭﺩﻩ ﺷﺪﻩ ﺍﺳﺖ. ﺑﺎ ﺍﻓﺰﺍ
 ﻲﺶ ﻭﻟ  ـﻳ( ﺍﻓـﺰﺍ eqﺖ ﺟـﺬﺏ ) ﻴﻇﺮﻓ ،ﺘﺮﻴﺮ ﻟﮔﺮﻡ ﺑ ﻲﻠﻴﻣ 02ﺘﺮ ﺗﺎ ﻴﻟ
 ﺎﺑﺪ. ﻳ ﻣﻲ ﻮﻡ ﻛﺎﻫﺶﻴﺭﺍﻧﺪﻣﺎﻥ ﺣﺬﻑ ﺁﻣﻮﻧ
 
 
 ﻫﺎﻱ ﺁﺑﻲ ﺍﺯ ﻣﺤﻴﻂﺯﺋﻮﻟﻴﺖ ﺗﻬﻴﻪ ﺷﺪﻩ ﺍﺯ ﻛﺎﺋﻮﻟﻴﻦ ﻭ ﺯﺋﻮﻟﻴﺖ ﻣﮕﻨﺖ ﺷﺪﻩ  ﺑﺮﺭﺳﻲ ﺣﺬﻑ ﺁﻣﻮﻧﻴﻮﻡ ﺑﺎ ﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ ﻛﺎﺋﻮﻟﻴﻦ،
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 ﺖﻴ(: ﺯﺋﻮﻟbﻦ)ﻴ(: ﻛﺎﺋﻮﻟa( )2 L/gm  ﻮﻡﻴ، ﻏﻠﻈﺖ ﺁﻣﻮﻧ =Hp 7ﻨﻪ،ﻴ)ﺯﻣﺎﻥ ﺑﻬ ﻮﻡﻴﺍﺛﺮ ﺩﺯ ﺟﺎﺫﺏ ﺑﺮ ﺭﺍﻧﺪﻣﺎﻥ ﺣﺬﻑ ﺁﻣﻮﻧ ﻲﺑﺮﺭﺳ :5ﻧﻤﻮﺩﺍﺭ 
 





 ﻥﺯﻫﺮﺍ ﺭﺣﻤﺎﻧﻲ ﻭ ﻫﻤﻜﺎﺭﺍ
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 ﺖ ﻣﮕﻨﺖ ﺷﺪﻩﻴ(: ﺯﺋﻮﻟcﺖ )ﻴ(: ﺯﺋﻮﻟbﻦ )ﻴ(: ﻛﺎﺋﻮﻟa) ﻨﻪﻴﻂ ﺑﻬﻳﺰﻭﺗﺮﻡ ﺟﺬﺏ ﺩﺭ ﺷﺮﺍﻳﺍ :7ﻧﻤﻮﺩﺍﺭ 
 
 
ﺖ ﻴ  ـﺖ ﻭ ﺯﺋﻮﻟﻴ  ـﻦ، ﺯﺋﻮﻟﻴﺰﻭﺗـﺮﻡ ﺟـﺬﺏ ﻛـﺎﺋﻮﻟ ﻳﺍ ﻲﺑﺮﺭﺳ
 ﻣﮕﻨﺖ ﺷﺪﻩ
ﻫﺎﻱ  ﻖ ﻣﺪﻝﻳﺯ ﻃﺮﺑﻪ ﻃﻮﺭ ﻣﻌﻤﻮﻝ ﺍ ،ﻫﺎ ﺟﺎﺫﺏ ﻱﺟﺬﺏ ﻣﻮﺍﺩ ﺑﺮ ﺭﻭ
ﻫـﺎﻱ ﺮﺩ. ﻣـﺪﻝ ﻴﮔ ﻣﻲ ﻗﺮﺍﺭ ﻲﻣﻮﺭﺩ ﺑﺮﺭﺳ ،ﻲﻣﺮﺑﻮﻁ ﺑﻪ ﺟﺬﺏ ﺳﻄﺤ
ﺟـﺎﺫﺏ  ﻱﺮ ﺟﺬﺏ ﺷﻮﻧﺪﻩ ﺑـﺮ ﺭﻭ ﻳﻦ ﻣﻘﺎﺩﻴﺭﺍﺑﻄﻪ ﺑ ،ﺰﻭﺗﺮﻡ ﺟﺬﺏﻳﺍ
ﺩﻫﻨـﺪ.  ﻣﻲ ﺩﺭ ﻣﺤﻠﻮﻝ ﺭﺍ ﻧﺸﺎﻥ ﻲﻣﺎﻧﺪﻩ ﻭ ﺗﻌﺎﺩﻟ ﻲﺑﺎﻗﻫﺎﻱ  ﻭ ﻏﻠﻈﺖ
ﺮ ﻭ ﻣﺪﻝ ﻴﻣﺪﻝ ﺟﺬﺏ ﻻﻧﮕﻤ ،ﻲﺟﺬﺑﻫﺎﻱ  ﻦ ﻣﺪﻝﻳﺍﺯ ﺟﻤﻠﻪ ﻣﻬﻢ ﺗﺮ
ﻗﺎﺑـﻞ  ،ﺩﺳـﺖ ﺁﻣـﺪﻩ ﻪ ﺞ ﺑ  ـﻳﺎﭻ ﺍﺳﺖ. ﺑـﺮ ﻃﺒـﻖ ﻧﺘ ـﻴﺟﺬﺏ ﻓﺮﻭﻧﺪﻟ
 ﻱﭻ ﺩﺍﺭﺍﻴﺮ ﻭ ﻓﺮﻭﻧـﺪﻟ ﻴ ـﺰﻭﺗـﺮﻡ ﻻﻧﮕﻤ ﻳﻣﺸﺎﻫﺪﻩ ﺍﺳﺖ ﻛـﻪ ﻫـﺮ ﺩﻭ ﺍ 
ﺞ ﻳﻦ ﻧﺘـﺎ ﻴﻦ ﺑﻳﺩﺭ ﺍ ﻲﻭﻟ .ﺑﺎﺷﻨﺪ ﻲ ﻣﻲﻗﺎﺑﻞ ﺗﻮﺟﻬ ﻲﺐ ﻫﻤﺒﺴﺘﮕﻳﺿﺮ
ﭻ ﺩﺍﺷـﺘﻪ ﻴﺑﺎ ﻣﺪﻝ ﻓﺮﻭﻧﺪﻟ ﻱﺸﺘﺮﻴﺑ ﻲﺸﺎﺕ ﻫﻤﺨﻮﺍﻧﻳﺣﺎﺻﻞ ﺍﺯ ﺁﺯﻣﺎ
 .81ﺍﺳﺖ
 
 ﺖ ﻣﮕﻨﺖ ﺷﺪﻩﻴﺖ ﻭ ﺯﺋﻮﻟﻴﻦ ﻭ ﺯﺋﻮﻟﻴﻛﺎﺋﻮﻟﻮﻡ ﺗﻮﺳﻂ ﻴﭻ ﺟﺬﺏ ﺁﻣﻮﻧﻴﺮ ﻭﻓﺮﻭﻧﺪﻟﻴﻻﻧﮕﻤﻫﺎﻱ  ﺰﻭﺗﺮﻡﻳﺐ ﺍﻳﺿﺮﺍ :2 ﺟﺪﻭﻝ
 ﻏﻠﻈﺖ ﺟﺎﺫﺏ ﺮﻴﺰﻭﺗﺮﻡ ﻻﻧﮕﻤﻳﺍ ﭻﻴﺰﻭﺗﺮﻡ ﻓﺮﻭﻧﺪﻟﻳﺍ
 )𝑔/𝑔𝑚(0𝑞 )gm/l(𝑙𝑘 2𝑅 n 𝑓𝑘 𝟐𝑹
 ﻦﻴﻛﺎﺋﻮﻟ  362/5  0/660  0/29  1/91  51/26  0/289
 ﺖﻴﺯﺋﻮﻟ 953  0/2323  0/399  1/64  38/38  0/899




 ﻫﺎﻱ ﺁﺑﻲ ﺍﺯ ﻣﺤﻴﻂﺯﺋﻮﻟﻴﺖ ﺗﻬﻴﻪ ﺷﺪﻩ ﺍﺯ ﻛﺎﺋﻮﻟﻴﻦ ﻭ ﺯﺋﻮﻟﻴﺖ ﻣﮕﻨﺖ ﺷﺪﻩ  ﺑﺮﺭﺳﻲ ﺣﺬﻑ ﺁﻣﻮﻧﻴﻮﻡ ﺑﺎ ﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ ﻛﺎﺋﻮﻟﻴﻦ،




 ﺖ ﻣﮕﻨﺖ ﺷﺪﻩﻴ( ﺯﺋﻮﻟcﺖ )ﻴ( ﺯﺋﻮﻟbﻦ )ﻴ(ﻛﺎﺋﻮﻟaﻮﻡ ﺑﺎ ﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ ﺟﺎﺫﺏ )ﻴﻚ ﻭﺍﻛﻨﺶ ﺟﺬﺏ ﺁﻣﻮﻧﻴﻨﺘﻴﺳ :8ﻧﻤﻮﺩﺍﺭ 
 ﺖ ﻣﮕﻨﺖ ﺷﺪﻩﻴﺖ ﻭ ﺯﺋﻮﻟﻴﻦ، ﺯﺋﻮﻟﻴﻮﻡ ﺗﻮﺳﻂ ﻛﺎﺋﻮﻟﻴﺷﺒﻪ ﺩﺭﺟﻪ ﺍﻭﻝ ﻭﺩﻭﻡ ﺟﺬﺏ ﺁﻣﻮﻧ ﻲﻜﻴﻨﺘﻴﺳ ﻱﭘﺎﺭﺍﻣﺘﺮﻫﺎ :3ﺟﺪﻭﻝ 
 ﻧﻮﻉ ﺟﺎﺫﺏ ﻪ ﺩﺭﺟﻪ ﺍﻭﻝﺷﺒ ﻲﻜﻴﻨﺘﻴﻣﺪﻝ ﺳ ﺷﺒﻪ ﺩﺭﺟﻪ ﺩﻭ ﻲﻜﻴﻨﺘﻴﻣﺪﻝ ﺳ
 1𝐾 )𝑥𝑒(𝑒𝑞 )𝑙𝑎𝑐(𝑒𝑞 2𝑅 2𝐾 )𝑙𝑎𝑐(𝑒𝑞 )𝑝𝑥𝑒(𝑒𝑞 𝟐𝑹
 ﻦﻴﻛﺎﺋﻮﻟ 0/900 12 11/30 0/3668 0/5100 12/46 12 0/799
 ﺖﻴﺯﺋﻮﻟ 0/3210 25 63/13 0/89 0/3000 85 25 0/399
 ﺖ ﻣﮕﻨﺖﻴﺋﻮﻟﺯ 0/9510 25 04/8 0/339 0/4000 85 25 0/399
 
ﻦ، ﻴﻛـﺎﺋﻮﻟ ﻱﻮﻡ ﺑـﺮ ﺭﻭﻴـﻚ ﺟـﺬﺏ ﺁﻣﻮﻧﻴﻨﺘﻴﺳـ ﻲﺑﺮﺭﺳـ
 ﺖ ﻣﮕﻨﺖ ﺷﺪﻩﻴﺖ ﺳﻨﺘﺰ ﺷﺪﻩ ﻭ ﺯﺋﻮﻟﻴﺯﺋﻮﻟ
 ﻮﻡﻴ ـﺁﻣﻮﻧﺟﺬﺏ  ﻲﻜﻴﻨﺘﻴﺳ ﻱﺩﺳﺖ ﺁﻣﺪﻩ ﺍﺯ ﭘﺎﺭﺍﻣﺘﺮﻫﺎﻪ ﺮ ﺑﻳﻣﻘﺎﺩ
ﻮﻡ ﺩﺭ ﻴ ـﺘـﺮ ﺁﻣﻮﻧ ﻴﮔـﺮﻡ ﺑـﺮ ﻟ  ﻲﻠ ـﻴﻣ 2ﻏﻠﻈﺖ  ﻱﻦ ﺑﺮﺍﻴﺗﻮﺳﻂ ﻛﺎﺋﻮﻟ
ﺐ ﻳﺷـﻮﺩ ﻛـﻪ ﺿـﺮ  ﻣﻲ ( ﻧﺸﺎﻥ ﺩﺍﺩﻩ ﺷﺪﻩ ﺍﺳﺖ. ﻣﺸﺎﻫﺪﻩ3) ﺟﺪﻭﻝ
ﺴﻪ ﺑـﺎ ﻣـﺪﻝ ﻳﺩﺭ ﻣﻘﺎ ،ﺷﺒﻪ ﺩﺭﺟﻪ ﺩﻭﻡ ﻲﻜﻴﻨﺘﻴﺭ ﻣﺪﻝ ﺳﻮﻥ ﺩﻴﺭﮔﺮﺳ
ﻦ ﻴﺑﺎﺷﺪ. ﻫﻤﭽﻨ ﻣﻲ 0/799ﺒﺎ ﺑﺮﺍﺑﺮ ﺑﺎ ﻳﺸﺘﺮ ﻭ ﺗﻘﺮﻴﺷﺒﻪ ﺩﺭﺟﻪ ﺍﻭﻝ، ﺑ
ﺍﺯ ﻣﺪﻝ ﺷﺒﻪ ﺩﺭﺟﻪ ﺩﻭﻡ  (lac,e𝑞) ﺖ ﺟﺬﺏﻴﻇﺮﻓ ﻲﺮ ﻣﺤﺎﺳﺒﺎﺗﻳﻣﻘﺎﺩ
ﺖ ﻴﺑﺎ ﻇﺮﻓ ﻱﺸﺘﺮﻴﺑ ﻲﻭﻫﻤﺨﻮﺍﻧ ﻲﻜﻳﻧﺰﺩ ،ﻧﺴﺒﺖ ﺑﻪ ﺷﺒﻪ ﺩﺭﺟﻪ ﺍﻭﻝ
ﻃﻮﺭ ﻛﻪ  ﻫﻤﺎﻥ ( ﺩﺍﺭﺩ.pxe,e𝑞) ﻲﺸﺎﺕ ﺗﺠﺮﺑﻳﺟﺬﺏ ﺣﺎﺻﻞ ﺍﺯ ﺁﺯﻣﺎ
ﻮﻡ ﻴ ـﺑﺎﺷﺪ، ﻭﺍﻛﻨﺶ ﺣﺬﻑ ﺁﻣﻮﻧ ﻣﻲ ( ﻗﺎﺑﻞ ﻣﺸﺎﻫﺪﻩb-9ﺩﺭ ﻧﻤﻮﺩﺍﺭ )
ﻚ ﺩﺭﺟﻪ ﺩﻭﻡ ﻴﻨﺘﻴﻦ ﺍﺯ ﺳﻴﺖ ﺳﻨﺘﺰ ﺷﺪﻩ ﺍﺯ ﻛﺎﺋﻮﻟﻴﺑﺎ ﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ ﺯﺋﻮﻟ
 ﻥﺯﻫﺮﺍ ﺭﺣﻤﺎﻧﻲ ﻭ ﻫﻤﻜﺎﺭﺍ
 3931 ﺗﺎﺑﺴﺘﺎﻥ، 4ﺳﺎﻝ ﺍﻭﻝ، ﺷﻤﺎﺭﻩ  ،ﻣﺠﻠﻪ ﻣﻬﻨﺪﺳﻲ ﺑﻬﺪﺍﺷﺖ ﻣﺤﻴﻂ    ♦    223
 ﻱﺮ ﺑـﻪ ﺩﺳـﺖ ﺁﻣـﺪﻩ ﺍﺯ ﭘﺎﺭﺍﻣﺘﺮﻫـﺎ ﻳﻛﻨـﺪ. ﻣﻘـﺎﺩ ﻱ ﻣـﻲ ﺮﻭﻴﻛﺎﺫﺏ ﭘ
ﮔﺮﻡ  ﻲﻠﻴﻣ 2ﻏﻠﻈﺖ  ﻱﻦ ﺑﺮﺍﻴﺗﻮﺳﻂ ﻛﺎﺋﻮﻟ ﻮﻡﻴﺁﻣﻮﻧﺟﺬﺏ  ﻲﻜﻴﻨﺘﻴﺳ
 ﺰ ﻧﺸﺎﻥ ﺩﺍﺩﻩ ﺷﺪﻩ ﺍﺳﺖ.ﻴ( ﻧ3) ﺩﺭ ﺟﺪﻭﻝ ،ﻮﻡﻴﺘﺮ ﺁﻣﻮﻧﻴﺑﺮ ﻟ
 
 ﺑﺤﺚ
 ﺖ ﺳﻨﺘﺰ ﺷﺪﻩﻴﻦ ﻭ ﺯﺋﻮﻟﻴﻛﺎﺋﻮﻟﻫﺎﻱ  ﻲﮋﮔﻳﻦ ﻭﻴﻴﺗﻌ
-98(  SDPCJ)ﺴـﻪ ﺑـﺎ ﺍﺳـﺘﺎﻧﺪﺍﺭﺩ) ﻳﻭ ﻣﻘﺎ 1 ﻧﻤﻮﺩﺍﺭﺑﺮ ﺍﺳﺎﺱ 
ﺖ ﻭ ﻴ ـﻨﻴ، ﻛﺎﺋﻮﻟ]2OiS[ ﻦ ﻛـﻮﺍﺭﺗﺰﻴﺩﺭ ﻛـﺎﺋﻮﻟ ﻲ، ﻓـﺎﺯ ﺍﺻـﻠ(8356
ﻫـﺎﻱ ﺑﺎﺷـﻨﺪ. ﮔـﺮﻭﻩ  ﻲﻣ ـ ]4)HO(5O2iS2lA[ ﻦﻴﻛـﺎﺋﻮﻟ ﻫـﺎﻱ  ﮔﺮﻭﻩ
 ﻜـﺎ ﻴﻭ ﮔﺮﻭﻩ ﻣ ]4OCaC[ ﺖﻴﻦ ﺷﺎﻣﻞ ﻛﻠﺴﻴﺟﻮﺩ ﺩﺭ ﻛﺎﺋﻮﻟﻣﻮ ﻲﻓﺮﻋ
ﻦ ﻳﺘـﺮ ﺰ ﻣﻬﻤﻴ ـﻦ ﻧﻴﺖ ﺳﻨﺘﺰ ﺷـﺪﻩ ﺍﺯ ﻛـﺎﺋﻮﻟ ﻴﺑﺎﺷﺪ. ﺩﺭ ﻣﻮﺭﺩ ﺯﺋﻮﻟ ﻣﻲ
ﺪﻫﻨﺪﻩ ﺪﻩ ﻛـﻪ ﻧﺸـﺎﻧ ﻳ ـﻇـﺎﻫﺮ ﮔﺮﺩ  72 ⁰ﻭ  12 ⁰ﻪ ﻳ ـﺩﺭ ﺯﺍﻭﻫﺎ  ﻚﻴﭘ
ﻭ  ﻲﺑﺎﺷـﺪ. ﻟـ ﻣـﻲ ( 2OiSﺖ )ﻴـﺣﻀـﻮﺭ ﻛـﻮﺍﺭﺗﺰ ﺩﺭ ﻧﻤﻮﻧـﻪ ﺯﺋﻮﻟ
ﺩﺭﺟـﻪ  008 ﻱﺩﺭ ﺩﻣـﺎ  ،ﻦﻴﻦ ﺭﺍ ﺍﺯ ﻛـﺎﺋﻮﻟ ﻴﺰ ﻣﺘﺎ ﻛﺎﺋﻮﻟﻴﻫﻤﻜﺎﺭﺍﻧﺶ ﻧ
. ﺁﻟﻜـﺎﻥ ﻭ 21ﺩﺳـﺖ ﺁﻭﺭﺩﻧـﺪ ﻪ ﺑ  ـ ،ﺳـﺎﻋﺖ  5ﮔﺮﺍﺩ ﺑﻪ ﻣﺪﺕ  ﻲﺳﺎﻧﺘ
 ﻲﺩﺭﺟـﻪ ﺳـﺎﻧﺘ  007ﻭ  006ﺰ ﺑﺎ ﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ ﺣﺮﺍﺭﺕ ﻴﻫﻤﻜﺎﺭﺍﻧﺶ ﻧ
ﻧﻈﺮ ﺧﻮﺩ ﺭﺍ ﺑﺎ ﺳـﺎﺧﺘﺎﺭ ﻭ ﻦ ﻣﻮﺭﺩﻴﻣﺘﺎﻛﺎﺋﻮﻟ ،ﺳﺎﻋﺖ2ﮔﺮﺍﺩ ﺩﺭ ﺯﻣﺎﻥ 
 a-1.ﺑﺎ ﺗﻮﺟـﻪ ﺑـﻪ ﺷـﻜﻞ 31ﻪ ﻛﺮﺩﻧﺪﻴﺧﺎﺹ ﺧﻮﺩ ﺗﻬ DRX ﻱﺍﻟﮕﻮ
ﻦ ﺍﺳﺖ ﻛﻪ ﻳﺪﻫﻨﺪﻩ ﺍﻧﺸﺎﻧ  MESﺮ ﻳ، ﺗﺼﻮﻲﺮﺍﻧﻳﻦ ﺍﻴﻣﺮﺑﻮﻁ ﺑﻪ ﻛﺎﺋﻮﻟ
ﺖ ﻴﻨﻴﻛﺎﺋﻮﻟﻫﺎﻱ  ﺑﺎﺷﻨﺪ. ﺣﻀﻮﺭ ﮔﺮﻭﻩ ﻣﻲ ﻭﺭﻗﻪ ﻭﺭﻗﻪ ،ﻦﻴﺫﺭﺍﺕ ﻛﺎﺋﻮﻟ
 ﻱﻭ ﺣﻀـﻮﺭ ﺑﻠﻮﺭﻫـﺎ  ﻲﻭﺟﻬ 6ﺑﺎ ﺳﺎﺧﺘﺎﺭ ﻭﺭﻗﻪ ﻭﺭﻗﻪ ﺁﻧﻬﺎ ﻭ ﺷﻜﻞ 
. 01, 11ﺑﺎﺷـﺪ  ﻣﻲ ﻦ ﻗﺎﺑﻞ ﻣﺸﺎﻫﺪﻩﻴ( ﺩﺭ ﺳﺎﺧﺘﺎﺭ ﻛﺎﺋﻮﻟ2OiSﺲ )ﻴﻠﻴﺳ
ﺖ ﺳـﻨﺘﺰ ﻴ ـﻣﺮﺑـﻮﻁ ﺑـﻪ ﺯﺋﻮﻟ  MESﺮ ﻳﺗﺼﻮ b-1ﺑﺎ ﺗﻮﺟﻪ ﺑﻪ ﺷﻜﻞ 
ﺖ ﺑﻪ ﺷﻜﻞ ﻭﺭﻗـﻪ ﻴﻦ، ﺩﺭ ﺍﺑﻌﺎﺩ ﻣﺨﺘﻠﻒ، ﺫﺭﺍﺕ ﺯﺋﻮﻟﻴﺷﺪﻩ ﺍﺯ ﻛﺎﺋﻮﻟ
ﻃﻮﺭ ﻛﻪ ﺩﺭ ﺷﻜﻞ ﻣﺸﺨﺺ ﺷﺪﻩ ﺍﺳﺖ،  ﻭﺭﻗﻪ ﺣﻀﻮﺭ ﺩﺍﺭﻧﺪ. ﻫﻤﺎﻥ
ﻫـﺎﻱ  ﻲﺑﺮﺁﻣـﺪﮔ  ﻱﺍﺑﻌﺎﺩ ﺫﺭﺍﺕ ﺑﻪ ﺷﻜﻞ ﻧﺎﻣﻨﻈﻢ ﺑﻮﺩﻩ ﻭ ﺳﻄﻮﺡ ﺩﺍﺭﺍ
ﻦ ﻴﺍﺯ ﻛـﺎﺋﻮﻟ  ﻳﻲﻨﻪ ﻛﺮﺩﻥ ﻗﺎﺩﺭ ﺑﻪ ﺁﺑﺰﺩﺍﻴﻛﻠﺴ ﻓﺮﺁﻳﻨﺪﺑﺎﺷﺪ.  ﻱ ﻣﻲﺎﺩﻳﺯ
ﻞ ﻳﺟﺪﺍ ﺍﺯ ﻫﻢ ﺗﺒﺪﻫﺎﻱ  ﻮﺭﺕ ﻭﺭﻗﻪﺖ ﺭﺍ ﺑﻪ ﺻﻴﺑﻮﺩﻩ ﻭ ﺳﺎﺧﺘﺎﺭ ﺯﺋﻮﻟ
ﺶ ﻣﺴـﺎﺣﺖ ﺳـﻄﺢ ﻳﺑﺎﻋﺚ ﺍﻓﺰﺍ ،ﺠﺎﺩ ﺷﺪﻩﻳﺍ ﻱﻛﺮﺩﻩ ﺍﺳﺖ. ﻓﻀﺎﻫﺎ
 .01, 41ﮔﺮﺩﺩ ﻣﻲ ﺖﻴﺩﺭ ﺯﺋﻮﻟ
( ﻧﺸﺎﻥ ﺩﺍﺩﻩ ﺷﺪﻩ ﺍﺳﺖ، ﻇﺎﻫﺮ a-2) ﻧﻤﻮﺩﺍﺭﻃﻮﺭ ﻛﻪ ﺩﺭ  ﻫﻤﺎﻥ
ﻣﺮﺑـﻮﻁ ﺑـﻪ  5563ﻭ  0263، 7963 ﻲﻚ ﺩﺭ ﻋـﺪﺩ ﻣـﻮﺟ ﻴ ـﺷﺪﻥ ﭘ
ﺩﺭ ﻋـﺪﺩ  ﻚ ﻣﺸـﺎﻫﺪﻩ ﺷـﺪﻩﻴـﺑﺎﺷـﺪ. ﭘ ﻣـﻲ ــHOﺣﻀـﻮﺭ ﺑﺎﻧـﺪ 
ﺑﺎﺷـﺪ. ﺩﺭ ﻋـﺪﺩ ﻣـﻲ  HO-lAﻮﻧﺪ ﻴﻣﺮﺑﻮﻁ ﺑﻪ ﭘ ،909  1-mcﻲﻣﻮﺟ
ﺪ ﻳﻴ ــﺗﺎ  O-iSﺣﻀ ــﻮﺭ ﮔ ــﺮﻭﻩ 464، 2111، 8201 1-mc ﻲﻣ ــﻮﺟ
  ،145 1-mc ﻲﻚ ﺩﺭ ﻋـﺪﺩ ﻣـﻮﺟ ﻴ ـﺖ ﺣﻀـﻮﺭ ﭘ ﻳ ـﺪ ﻭ ﺩﺭ ﻧﻬﺎﻳﮔﺮﺩ
 ﺑﺎﻧـﺪ ( b-2)ﻧﻤـﻮﺩﺍﺭ  ﺑﺎﺷـﺪ. ﺩﺭ  ﻣﻲ  lA-O-iSﻧﺸﺎﻧﮕﺮ ﺣﻀﻮﺭ ﺑﺎﻧﺪ
ﺑﻪ ﻋﻠﺖ  ،ﻦ ﺍﻣﺮﻳﺎﻓﺘﻪ ﺍﺳﺖ ﻛﻪ ﺍﻳﺮ ﻴﻴﺗﻐ 8601 1-mc ﺑﻪ 0901 1-mc
ﻜﺎﺕ ﺑـﺎ ﺳـﺎﺧﺘﺎﺭ ﻴﻠﻴﻨﻮﺳ ـﻴ( ﺩﺭ ﺁﻟﻮﻣlA , iS =T) O-Tﻛﺸﺶ ﺑﺎﻧﺪ 
ﻦ ﻣﺘـﺎ ﻴﺩﺭ ﻃـﻮﻝ ﻭﺍﻛـﻨﺶ ﺑـ 3O2lAﻭ  2OiSﺑﺎﺷـﺪ.  ﻣـﻲ ﺖﻴـﺯﺋﻮﻟ
. 51, 61ﮔﺮﺩﻧـﺪ ﻲﻣ ـﻞ ﻳﻜﺎﺕ ﺗﺒـﺪ ﻴﻠﻴﻨﻮﺳﻴ، ﺑﻪ ﺁﻟﻮﻣ HOaNﻦ ﻭ ﻴﻛﺎﺋﻮﻟ
 ﻲﺩﺍﺧﻠ ـﻫـﺎﻱ  ﻣﺮﺑﻮﻁ ﺑﻪ  ﻟﺮﺯﺵ 3961-mc  ﺗﺎ 3441-mc  ﻱﺑﺎﻧﺪﻫﺎ
ﺑﺎﺷـﺪ ﻭ  ﻣـﻲ ،ﺍﺳـﺖ ﻲﻭﺟﻬـ 4( ﻛـﻪ ﺑـﻪ ﺷـﻜﻞ lA,iS=T) 4OT
ﻣﺮﺑ ــﻮﻁ ﺑ ــﻪ  05111-mc  ﺗ ــﺎ 05011-mc  ﻱﻦ ﺑﺎﻧ ــﺪﻫﺎﻴﻫﻤﭽﻨ ــ
. ﺣﻀـﻮﺭ 71ﺑﺎﺷـﺪ ﻣـﻲ  ﺖﻴ ـﻣﺘﻘـﺎﺭﻥ ﺩﺭ ﺳـﺎﺧﺘﺎﺭ ﺯﺋﻮﻟ ﻫـﺎﻱ  ﻛﺸﺶ
ﺰ ﺑﻪ ﻋﻠـﺖ ﺣﻀـﻮﺭ ﻴﻧ 8443 1-mcﻲﻣﺮﺑﻮﻁ ﺑﻪ ﻋﺪﺩ ﻣﻮﺟ ﻱﺑﺎﻧﺪﻫﺎ
ﻣﺸـﺎﻫﺪﻩ ﺷـﺪﻩ ﺩﺭ  ﻱﺑﺎﺷﺪ. ﺑﺎ ﺗﻮﺟﻪ ﺑﻪ ﺑﺎﻧﺪﻫﺎ ﻣﻲ HO–ﻫﺎﻱ  ﮔﺮﻭﻩ
ﻣﺸـﺨﺺ  ﻱﺗﺠـﺎﺭ ﻫﺎﻱ  ﺖﻴﺴﻪ ﺑﺎ ﺯﺋﻮﻟﻳﺖ ﺳﺎﺧﺘﻪ ﺷﺪﻩ ﻭ ﻣﻘﺎﻴﺋﻮﻟﺯ
ﻫﺎﻱ  ﻦ ﺷﺒﺎﻫﺖ ﺭﺍ ﺩﺭ ﮔﺮﻭﻩﻳﺸﺘﺮﻴﺑ ،ﺖ ﺳﺎﺧﺘﻪ ﺷﺪﻩﻴﺪ ﻛﻪ ﺯﺋﻮﻟﻳﮔﺮﺩ
( ﻣﺘﻌﻠـﻖ ﺑـﻪ etilolitponilCﺖ )ﻳﻟﻮﻻ ﻲﻨﻮﭘﺘﻴﺖ ﻛﻠﻴﺑﻪ ﺯﺋﻮﻟ ﻲﻋﺎﻣﻠ
 .ﺩﺍﺭﺩ 4-4= 1ﮔﺮﻭﻩ
 
 ﻮﻡﻴﺑﺮ ﺭﺍﻧﺪﻣﺎﻥ ﺣﺬﻑ ﺁﻣﻮﻧ Hpﺮﺍﺕ ﻴﻴﺮ ﺗﻐﻴﺗﺎﺛ ﻲﺑﺮﺭﺳ
ﺑﺎﺷـﺪ، ﺩﺭ  ﻣـﻲ ( ﻗﺎﺑـﻞ ﻣﺸـﺎﻫﺪﻩ 3) ﻧﻤـﻮﺩﺍﺭﻫﻤـﺎﻧﻄﻮﺭ ﻛـﻪ ﺩﺭ 
ﺰ ﻴ ـﻮﻡ ﻧﻴ ـﺎﺑﺪ ﻭ ﺁﻣﻮﻧﻳ ﻣﻲ ﺶﻳﺍﻓﺰﺍ +Hﻮﻥ ﻳﺣﻀﻮﺭ  ﻱﺪﻴﺍﺳﻫﺎﻱ  Hp
ﺑـﻪ  .( ﺣﻀﻮﺭ ﺩﺍﺭﺩ+4HNﻮﻡ )ﻴﻮﻥ ﺁﻣﻮﻧﻳﺑﻪ ﺻﻮﺭﺕ  ﻱﺪﻴﺍﺳ Hpﺩﺭ 
ﺖ ﻭ ﻴ ـﺟـﺎﺫﺏ ﺯﺋﻮﻟ ﻫﺎﻱ  ﺖﻳﺩﺭ ﺳﺎ ﻲﻮﻧﻳﺑﺮ ﺳﺮ ﺗﺒﺎﺩﻝ  ،ﺐﻴﻦ ﺗﺮﺗﻳﺍ
ﻮﻡ ﻴ ـﺁﻣﻮﻧﻫـﺎﻱ  ﻮﻥﻳ ـﺪﻭﺭژﻥ ﻭ ﻴ ـﻫﻫـﺎﻱ  ﻮﻥﻳ ـﻦ ﻴﺑ ﻲﻦ ﺭﻗﺎﺑﺘﻴﻛﺎﺋﻮﻟ
ﻫـﺎﻱ  ﻮﻥﻳ ـﺍﺯ  ﻱﺐ ﺗﻌـﺪﺍﺩ ﻛﻤﺘـﺮ ﻴ ـﻦ ﺗﺮﺗﻳﻭ ﺑﻪ ﺍﺮﺩ ﻳﭘﺬ ﻣﻲ ﺻﻮﺭﺕ
 ﺷـﺪﻩ ﻭ ﺭﺍﻧـﺪﻣﺎﻥ ﺣـﺬﻑ ﻛـﺎﻫﺶ ﻫـﺎ  ﺖﻳﻦ ﺳـﺎ ﻳﻮﻡ ﺟﺬﺏ ﺍﻴﺁﻣﻮﻧ
ﺎ ﻳ ـﺪﻥ ﻭ ﻴﺍﻣﻜﺎﻥ ﺍﺯ ﻫﻢ ﭘﺎﺷ ،4ﻛﻤﺘﺮ ﺍﺯ  Hpﻦ ﺩﺭ ﻴﻫﻤﭽﻨ .81ﺎﺑﺪﻳ ﻣﻲ
ﻃـﻮﺭ  ﻫﻤﺎﻥ .1ﺖ ﺩﺭ ﻣﺤﻠﻮﻝ ﻭﺟﻮﺩ ﺩﺍﺭﺩﻴﺯﺋﻮﻟﻫﺎﻱ  ﺣﻞ ﺷﺪﻥ ﺑﻠﻮﺭ
 ﻫﺎﻱ ﺁﺑﻲ ﺍﺯ ﻣﺤﻴﻂﺯﺋﻮﻟﻴﺖ ﺗﻬﻴﻪ ﺷﺪﻩ ﺍﺯ ﻛﺎﺋﻮﻟﻴﻦ ﻭ ﺯﺋﻮﻟﻴﺖ ﻣﮕﻨﺖ ﺷﺪﻩ  ﺑﺮﺭﺳﻲ ﺣﺬﻑ ﺁﻣﻮﻧﻴﻮﻡ ﺑﺎ ﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ ﻛﺎﺋﻮﻟﻴﻦ،
 323    ♦    3931 ﺗﺎﺑﺴﺘﺎﻥ، 4ﺳﺎﻝ ﺍﻭﻝ، ﺷﻤﺎﺭﻩ  ،ﻣﺠﻠﻪ ﻣﻬﻨﺪﺳﻲ ﺑﻬﺪﺍﺷﺖ ﻣﺤﻴﻂ
ﻦ ﺭﺍﻧـﺪﻣﺎﻥ ﺩﺭ ﻳﺸـﺘﺮ ﻴﺑ ،ﻛﻪ ﺩﺭ ﺷﻜﻞ ﻣﺬﻛﻮﺭ ﻗﺎﺑﻞ ﻣﺸـﺎﻫﺪﻩ ﺍﺳـﺖ 
. ﻗﺎﺑﻞ ﺫﻛﺮ ﺍﺳﺖ ﻛـﻪ ﻇﺎﻫﺮ ﺷﺪﻩ ﺍﺳﺖ 7ﺎ ﻫﻤﺎﻥ ﻳ ﻲﺧﻨﺜ Hpﺰﺍﻥ ﻴﻣ
ﻫـﺎﻱ ﺑـﺎ ﮔـﺮﻭﻩ  +4HNﺮ ﻓـﺮﺍﺭ ﻴ ـﻏﻫﺎﻱ  ﻮﻥﻳ ،ﻳﻲﺎﻴﻗﻠ  Hpﺰﺍﻥ ﻴﺩﺭ ﻣ
 ( ﺩﺭﻲﺎﻙ ﻣﻮﻟﻜـﻮﻟ ﻴ ـ)ﺁﻣﻮﻧ 3HNﺐ ﺷـﺪﻩ ﻭ ﺑـﻪ ﺷـﻜﻞ ﻴﺗﺮﻛ -HO
ﺐ ﻴ ـﻦ ﺗﺮﺗﻳ ـﻂ ﺧﺎﺭﺝ ﺷﺪﻩ ﻭ ﺑﻪ ﺍﻴﻨﺪ ﻭ ﺑﻪ ﺻﻮﺭﺕ ﮔﺎﺯ ﺍﺯ ﻣﺤﻳﺁ ﻣﻲ
 .91ﺖﻮﻡ ﻗﺎﺑﻞ ﻣﺸﺎﻫﺪﻩ ﺍﺳ ـﻴﻛﺎﺫﺏ ﺩﺭ ﺭﺍﻧﺪﻣﺎﻥ ﺣﺬﻑ ﺁﻣﻮﻧ ﻲﺸﻳﺍﻓﺰﺍ
ﺖ ﺩﺭ ﻣﺤﻠـﻮﻝ ﻭﺟـﻮﺩ ﻴﺍﻣﻜﺎﻥ ﺣﻞ ﺷﺪﻥ ﺯﺋﻮﻟ ،ﻳﻲﺎﻴﻗﻠﻫﺎﻱ  Hpﺩﺭ 
ﺎﻙ، ﺍﻣﻜـﺎﻥ ﻴ ـﻮﻡ ﺑـﻪ ﮔـﺎﺯ ﺁﻣﻮﻧ ﻴ ـﻮﻥ ﺁﻣﻮﻧﻳﻞ ﻳﻦ ﺑﺎ ﺗﺒﺪﻴﻫﻤﭽﻨ .ﺩﺍﺭﺩ
ﺐ ﻴ ـﻦ ﺗﺮﺗﻳ  ـﺑـﻪ ﺍ  .ﺎﺑـﺪ ﻳ ﻣﻲ ﺖ ﻛﺎﻫﺶﻴﺎﻙ ﺗﻮﺳﻂ ﺯﺋﻮﻟﻴﺣﺬﻑ ﺁﻣﻮﻧ
ﺎﺑـﺪ. ﺩﺭ ﻳﻣـﻲ  ﻛـﺎﻫﺶ  ﻳﻲﺎﻴ ـﻗﻠﻫﺎﻱ  Hpﻮﻡ ﺩﺭ ﻴﺖ ﺟﺬﺏ ﺁﻣﻮﻧﻴﻇﺮﻓ
ﺖ ﻴ ـﺗﻮﺳـﻂ ﺯﺋﻮﻟ ﻫـﺎ  ﻮﻥﻳ ـﺣـﺬﻑ ﺍﻣﻜﺎﻥ  ،ﻲﻮﻧﻳﺗﺒﺎﺩﻝ ﻫﺎﻱ  ﻓﺮﺁﻳﻨﺪ
ﺎﻙ ﻴ ـﻮﻡ ﺑـﻪ ﻣﻮﻟﻜـﻮﻝ ﺁﻣﻮﻧ ﻴﻮﻥ ﺁﻣﻮﻧﻳﻛﻪ  ﻲﻭﺟﻮﺩ ﺩﺍﺭﺩ ﻭ ﺩﺭ ﺻﻮﺭﺗ
ﻭﺟـﻮﺩ  ﻲﻮﻧﻳ ـﺍﻣﻜـﺎﻥ ﺣـﺬﻑ ﺗﻮﺳـﻂ ﺭﻭﺵ ﺗﺒـﺎﺩﻝ ﻞ ﮔﺮﺩﺩ، ﻳﺗﺒﺪ
ﺎﻙ ﺑـﻪ ﺷـﻜﻞ ﮔـﺎﺯ ﺍﺯ ﻣﺤﻠـﻮﻝ ﻴ ـﺁﻣﻮﻧﻫﺎﻱ  ﻦ ﻣﻮﻟﻜﻮﻝﻳﻧﺪﺍﺷﺘﻪ ﻭ ﺍ
ﺑـﻪ  Hp ﺶﻳﻛﻪ ﺩﺭ ﺻﻮﺭﺕ ﺍﻓﺰﺍ. ﻗﺎﺑﻞ ﺫﻛﺮ ﺍﺳﺖ 1ﮔﺮﺩﻧﺪ ﻣﻲ ﺧﺎﺭﺝ
ﻮﻡ ﻴ ـﻮﻥ ﺁﻣﻮﻧﻳﺍﺯ  ﻲ، ﺑﺨﺸﺷﺪﻥ ﻳﻲﺎﻴﻠﻗ ﻞ ﺑﻪ ﺳﻤﺖﻴﻣﻭ  7 ﺑﺎﻻﺗﺮ ﺍﺯ
ﻦ ﺣﺎﻟـﺖ ﻳﻨﻜﻪ ﺍﻳﺑﺎ ﺗﻮﺟﻪ ﺑﻪ ﺍ .ﮔﺮﺩﺩ ﻣﻲ ﻇﺎﻫﺮ O2H.3HNﺑﻪ ﺷﻜﻞ 
ﺑﺎﺷـﺪ، ﺭﺍﻧـﺪﻣﺎﻥ  ﻲﻗﺎﺑﻞ ﺟﺬﺏ ﺗﻮﺳﻂ ﺟﺎﺫﺏ ﻧﻤ ،ﻮﻥﻳﺍﺯ  ﻳﻲﺎﻴﻤﻴﺷ
ﻚ ﻳـﺰﻭﺍﻟﻜﺘﺮﻳﺩﺭ ﻧﻘﻄـﻪ ﺍ Hpﺰﺍﻥ ﻴـﻣ .01ﺎﺑـﺪﻳ ﻣـﻲ ﺟـﺬﺏ ﻛـﺎﻫﺶ
ﺐ ﺩﺭ ﻴ ـﻦ ﺗﺮﺗﻳ  ـﺑﺎﺷـﺪ. ﺑـﻪ ﺍ ﻣـﻲ  7ﻦ، ﺣﺪﻭﺩ ﻴﻛﺎﺋﻮﻟ ﻱ( ﺑﺮﺍczpHp)
ﺳﻄﺢ ﺟﺎﺫﺏ ﻣﺜﺒﺖ ﺑـﻮﺩﻩ ﻭ  ﻱﺰﺍﻥ ﺑﺎﺭ ﺭﻭﻴﻣ ،ﻦﻳﺍﺯ ﺍﻛﻤﺘﺮ ﻫﺎﻱ  Hp
ﻲ ﺳـﻄﺢ ﺟـﺎﺫﺏ ﻣﻨﻔ ـ ﻱﺰﺍﻥ ﺑـﺎﺭ ﺭﻭ ﻴﻣ ،ﻦﻳﺸﺘﺮ ﺍﺯ ﺍﻴﺑﻫﺎﻱ  Hpﺩﺭ 
ﻣﻤﻜﻦ ﺍﺳﺖ ﺟـﺬﺏ  ،ﻮﻡﻴﻮﻥ ﺁﻣﻮﻧﻳﺑﺎﺷﺪ. ﺑﺎ ﺗﻮﺟﻪ ﺑﻪ ﺑﺎﺭ ﻣﺜﺒﺖ  ﻣﻲ
. ژﺍﻧـﮓ ﻭ 11ﺮﺩﻳﺑﻬﺘـﺮ ﺻـﻮﺭﺕ ﭘـﺬ  ،ﺑـﺎﻻﺗﺮ ﻫـﺎﻱ  Hpﻮﻥ ﺩﺭ ﻳﻦ ﻳﺍ
ﺑـﺎ ﺍﺳـﺘﻔﺎﺩﻩ ﺍﺯ ﻮﻡ ﻴﺣﺬﻑ ﺁﻣﻮﻧ ﻱﺭﺍ ﺑﺮ ﺭﻭ ﻱﻣﻄﺎﻟﻌﻪ ﺍ ،ﻫﻤﻜﺎﺭﺍﻧﺶ
ﺠـﻪ ﻴﻦ ﻧﺘﻳﺖ ﺳﺎﺧﺘﻪ ﺷﺪﻩ ﺍﺯ ﺧﺎﻛﺴﺘﺮ ﻓﺮﺍﺭ ﺍﻧﺠﺎﻡ ﺩﺍﺩﻧﺪ ﻭ ﺑﻪ ﺍﻴﺯﺋﻮﻟ
ﻦ ﺭﺍﻧـﺪﻣﺎﻥ ﻳﺸﺘﺮﻴﺑ ،ﻲﺧﻨﺜ Hpﻮﻡ ﺩﺭ ﻴﻮﻥ ﺁﻣﻮﻧﻳﺪﻧﺪ ﻛﻪ ﺣﺬﻑ ﻴﺭﺳ
ﺎﻓﺘـﻪ ﻳﺭﺍﻧﺪﻣﺎﻥ ﺣـﺬﻑ ﻛـﺎﻫﺶ  ﻳﻲﺎﻴﻭ ﻗﻠ ﻱﺪﻴﺍﺳ Hpﺭﺍ ﺩﺍﺭﺩ ﻭ ﺩﺭ 
ﺣـﺬﻑ  ﻱﺭﺍ ﺑـﺮ ﺭﻭ  ﻱﻣﻄﺎﻟﻌـﻪ ﺍ  ،ﻭ ﻫﻤﻜﺎﺭﺍﻧﺶ ﻲﺎﺳﺘﻳﺪﻳﻭ. 1ﺍﺳﺖ
ﻦ ﻣﻄﺎﻟﻌـﻪ ﺩﺭ ﻳﺞ ﺍﻳﺖ ﺍﻧﺠﺎﻡ ﺩﺍﺩﻧﺪ ﻭ ﻧﺘﺎﻴﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ ﺯﺋﻮﻟ ﻮﻡ ﺑﺎﻴﺁﻣﻮﻧ
ﻦ ﻳﺸـﺘﺮﻴﺑ 6ﻣﻌـﺎﺩﻝ  Hpﻧﺸـﺎﻥ ﺩﺍﺩ ﻛـﻪ ﺩﺭ  Hpﺭﺍﺑﻄـﻪ ﺑـﺎ ﺍﺛـﺮﺍﺕ 
 .5ﺩﻫﺪ ﻣﻲ ﻮﻡ ﺭﺥﻴﻮﻥ ﺁﻣﻮﻧﻳﺭﺍﻧﺪﻣﺎﻥ ﺣﺬﻑ 
ﺮﺍﺕ ﺯﻣﺎﻥ ﺗﻤﺎﺱ ﺑـﺮ ﺭﺍﻧـﺪﻣﺎﻥ ﺣـﺬﻑ ﻴﻴﺮ ﺗﻐﻴﺗﺎﺛ ﻲﺑﺮﺭﺳ
 ﻮﻡﻴﺁﻣﻮﻧ
ﺶ ﻳﻗﺎﺑﻞ ﻣﺸـﺎﻫﺪﻩ ﺍﺳـﺖ، ﺑـﺎ ﺍﻓـﺰﺍ  5ﻃﻮﺭ ﻛﻪ ﺩﺭ ﺷﻜﻞ  ﻫﻤﺎﻥ
ﻮﻡ، ﻴ ـﻦ ﺑـﺎ ﺁﻣﻮﻧ ﻴﺭ ﺗﻤـﺎﺱ ﻗـﺮﺍﺭ ﮔـﺮﻓﺘﻦ ﻛـﺎﺋﻮﻟ ﺯﻣﺎﻥ ﻭﺍﻛـﻨﺶ ﻭ ﺩ 
ﻘﻪ ﺍﺩﺍﻣـﻪ ﻴﺩﻗ 021ﻦ ﺭﻭﻧﺪ ﺗﺎ ﻳﺎﻓﺘﻪ ﻭ ﺍﻳﺶ ﻳﺰ ﺍﻓﺰﺍﻴﺭﺍﻧﺪﻣﺎﻥ ﺣﺬﻑ ﻧ
 ﻱﺑـﺮ ﺭﻭ  ﻲﺧـﺎﻟ ﻫﺎﻱ  ﺗﻌﺪﺍﺩ ﻣﺤﻞ ،ﻪﻴﺍﻭﻟﻫﺎﻱ  ﺩﺍﺷﺘﻪ ﺍﺳﺖ. ﺩﺭ ﺯﻣﺎﻥ
 .ﺸـﺘﺮ ﺍﺳـﺖ ﻴﺰ ﺑﻴﺑﺎﺷﺪ ﻭ ﺳﺮﻋﺖ ﻭﺍﻛﻨﺶ ﻧ ﻣﻲ ﺸﺘﺮﻴﺳﻄﺢ ﺟﺎﺫﺏ ﺑ
 ﺷﺪﻩﺭﺍﻧﺪﻣﺎﻥ ﺣﺬﻑ ﺛﺎﺑﺖ  ،ﻘﻪﻴﺩﻗ 021ﭘﺲ ﺍﺯ ﮔﺬﺷﺖ ﻣﺪﺕ ﺯﻣﺎﻥ 
ﺟﺬﺏ ﻣﻮﺟـﻮﺩ ﺩﺭ ﻫﺎﻱ  ﺖﻳﺍﺳﺖ ﻛﻪ ﺑﻪ ﻋﻠﺖ ﺍﺷﺒﺎﻉ ﺷﺪﻥ ﺗﻤﺎﻡ ﺳﺎ
ﺩﺭ  ﻲﺮ ﻗﺎﺑـﻞ ﺗـﻮﺟﻬ ﻴﻴ ـﺗﻐ ،ﻦ ﺯﻣـﺎﻥ ﻳ ـﭘـﺲ ﺍﺯ ﺍ  .ﺑﺎﺷـﺪ  ﻣﻲ ﻦﻴﻛﺎﺋﻮﻟ
ﻘـﻪ ﺑـﻪ ﻋﻨـﻮﺍﻥ ﻴﺩﻗ 021ﺐ ﺯﻣـﺎﻥ ﻴﻦ ﺗﺮﺗﻳﺑﻪ ﺍﺭﺍﻧﺪﻣﺎﻥ ﺭﺥ ﻧﺪﺍﺩﻩ ﻭ 
 .5ﺯﻣﺎﻥ ﺗﻌﺎﺩﻝ ﺩﺭ ﻧﻈﺮ ﮔﺮﻓﺘﻪ ﺷﺪﻩ ﺍﺳﺖ
 ﺖ ﺑـﺎ ﻴ ـﺶ ﺯﻣﺎﻥ ﻭﺍﻛﻨﺶ ﻭ ﺩﺭ ﺗﻤﺎﺱ ﻗﺮﺍﺭ ﮔﺮﻓﺘﻦ ﺯﺋﻮﻟﻳﺑﺎ ﺍﻓﺰﺍ
 042ﻦ ﺭﻭﻧـﺪ ﺗـﺎ ﻳ ـﺎﻓﺘـﻪ ﻭ ﺍ ﻳﺶ ﻳﺰ ﺍﻓﺰﺍﻴﻮﻡ، ﺭﺍﻧﺪﻣﺎﻥ ﺣﺬﻑ ﻧﻴﺁﻣﻮﻧ
ﻫـﺎﻱ  ﺖﻳﺗﻌـﺪﺍﺩ ﺳـﺎ  ،ﻪﻴ ـﺍﻭﻟﻫﺎﻱ  ﻘﻪ ﺍﺩﺍﻣﻪ ﺩﺍﺷﺘﻪ ﺍﺳﺖ. ﺩﺭ ﺯﻣﺎﻥﻴﺩﻗ
ﺰ ﻴ ـﺑﺎﺷﺪ ﻭ ﺳﺮﻋﺖ ﻭﺍﻛﻨﺶ ﻧ ﻣﻲ ﺸﺘﺮﻴﺳﻄﺢ ﺟﺎﺫﺏ ﺑ ﻱﺑﺮ ﺭﻭ ﻲﺧﺎﻟ
ﺭﺍﻧـﺪﻣﺎﻥ  ،ﻘـﻪ ﻴﺩﻗ 042ﭘﺲ ﺍﺯ ﮔﺬﺷﺖ ﻣـﺪﺕ ﺯﻣـﺎﻥ  .ﺸﺘﺮ ﺍﺳﺖﻴﺑ
ﻫﺎﻱ  ﺖﻳﺗﻤﺎﻡ ﺳﺎﺣﺬﻑ ﺛﺎﺑﺖ ﮔﺸﺘﻪ ﺍﺳﺖ ﻛﻪ ﺑﻪ ﻋﻠﺖ ﺍﺷﺒﺎﻉ ﺷﺪﻥ 
ﺮ ﻗﺎﺑـﻞ ﻴﻴﻦ ﺯﻣﺎﻥ ﺗﻐﻳﭘﺲ ﺍﺯ ﺍ .ﺑﺎﺷﺪ ﻣﻲ ﺖﻴﺟﺬﺏ ﻣﻮﺟﻮﺩ ﺩﺭ ﺯﺋﻮﻟ
ﻘـﻪ ﻴﺩﻗ 042ﺐ ﺯﻣـﺎﻥ ﻴﻦ ﺗﺮﺗﻳﺑﻪ ﺍﺩﺭ ﺭﺍﻧﺪﻣﺎﻥ ﺭﺥ ﻧﺪﺍﺩﻩ ﻭ  ﻲﺗﻮﺟﻬ
. ژﺍﻧـﮓ ﻭ 5ﺑﻪ ﻋﻨـﻮﺍﻥ ﺯﻣـﺎﻥ ﺗﻌـﺎﺩﻝ ﺩﺭ ﻧﻈـﺮ ﮔﺮﻓﺘـﻪ ﺷـﺪﻩ ﺍﺳـﺖ 
ﻮﻡ ﺑـﺎ ﺍﺳـﺘﻔﺎﺩﻩ ﺍﺯ ﻴﺣﺬﻑ ﺁﻣﻮﻧ ﻱﺭﺍ ﺑﺮ ﺭﻭ ﻱﻣﻄﺎﻟﻌﻪ ﺍ، ﻫﻤﻜﺎﺭﺍﻧﺶ
ﺠـﻪ ﻴﻦ ﻧﺘﻳﺧﺘﻪ ﺷﺪﻩ ﺍﺯ ﺧﺎﻛﺴﺘﺮ ﻓﺮﺍﺭ ﺍﻧﺠﺎﻡ ﺩﺍﺩﻧﺪ ﻭ ﺑﻪ ﺍﺖ ﺳﺎﻴﺯﺋﻮﻟ
 ،ﺖ ﺳـﻨﺘﺰ ﺷـﺪﻩ ﻴ ـﺯﺋﻮﻟ ﻱﻮﻡ ﺑﺮ ﺭﻭﻴﺟﺬﺏ ﺁﻣﻮﻧ ﻓﺮﺁﻳﻨﺪﺪﻧﺪ ﻛﻪ ﻴﺭﺳ
ﺑـﺮ ﻃﺒـﻖ  ،ژﺍﻧﮓ ﻣـﻮﻻﻥ ﻭ ﻫﻤﻜـﺎﺭﺍﻧﺶ . 1ﻊ ﺍﺳﺖﻳﺳﺮ ﻓﺮﺁﻳﻨﺪﻚ ﻳ
ﺖ ﺳﻨﺘﺰ ﺷﺪﻩ ﻴﻮﻡ ﺗﻮﺳﻂ ﺯﺋﻮﻟﻴﻛﻪ ﺑﻪ ﻣﻨﻈﻮﺭ ﺣﺬﻑ ﺁﻣﻮﻧ ﻱﻣﻄﺎﻟﻌﻪ ﺍ
ﺰﺍﻥ ﻴ ـﻦ ﻣﻳﺸـﺘﺮ ﻴﺪﻥ ﺑـﻪ ﺑ ﻴﻪ ﺑﻪ ﻣﻨﻈﻮﺭ ﺭﺳ ـﺎﻓﺘﻨﺪ ﻛﻳﺍﻧﺠﺎﻡ ﺩﺍﺩﻧﺪ، ﺩﺭ
 .02ﺑﺎﺷﺪ ﻣﻲ ﺳﺎﻋﺖ 1/52ﻮﻡ ﺯﻣﺎﻥ ﺗﻌﺎﺩﻝ ﻴﺟﺬﺏ ﺁﻣﻮﻧ
 
 
 ﻥﺯﻫﺮﺍ ﺭﺣﻤﺎﻧﻲ ﻭ ﻫﻤﻜﺎﺭﺍ
 3931 ﺗﺎﺑﺴﺘﺎﻥ، 4ﺳﺎﻝ ﺍﻭﻝ، ﺷﻤﺎﺭﻩ  ،ﻣﺠﻠﻪ ﻣﻬﻨﺪﺳﻲ ﺑﻬﺪﺍﺷﺖ ﻣﺤﻴﻂ    ♦    423
 ﻮﻡ ﻴﺮﺍﺕ ﺩﺯ ﺟﺎﺫﺏ ﺑﺮ ﺣﺬﻑ ﺁﻣﻮﻧﻴﻴﺮ ﺗﻐﻴﺗﺎﺛ ﻲﺑﺮﺭﺳ
ﺶ ﻳﻧﺸﺎﻥ ﺩﺍﺩﻩ ﺷﺪﻩ ﺍﺳﺖ، ﺑﺎ ﺍﻓﺰﺍ 5-a ﻧﻤﻮﺩﺍﺭﻫﻤﺎﻧﻄﻮﺭ ﻛﻪ ﺩﺭ 
ﺶ ﻳﺰ ﺍﻓـﺰﺍ ﻴ ـﻦ ﻧﻴﻛﺎﺋﻮﻟ ﻱﻮﻡ ﺑﺮ ﺭﻭﻴﺭﺍﻧﺪﻣﺎﻥ ﺟﺬﺏ ﺁﻣﻮﻧ ،ﺩﺯ ﺟﺎﺫﺏ
 2ﻦ ﺭﺍﻧﺪﻣﺎﻥ ﺟﺬﺏ ﺩﺭ ﻏﻠﻈﺖ ﻣﻌـﺎﺩﻝ ﻳﺸﺘﺮﻴﺑﻛﻪ  ﻱﺎﻓﺖ، ﺑﻪ ﻃﻮﺭﻳ
% ﮔﺰﺍﺭﺵ ﺷﺪﻩ ﺍﺳـﺖ.  53/4ﺘﺮ ﺭﺥ ﺩﺍﺩ ﻛﻪ ﻣﻌﺎﺩﻝ ﻴﮔﺮﻡ ﺑﺮ ﻟ ﻲﻠﻴﻣ
ﺭﺍﻧـﺪﻣﺎﻥ ﺟـﺬﺏ  ،ﺶ ﺩﺯ ﺟـﺎﺫﺏ ﻳﺑﺎ ﺍﻓﺰﺍ، 5b– ﻧﻤﻮﺩﺍﺭﺑﺎ ﺗﻮﺟﻪ ﺑﻪ 
ﻛـﻪ   ﻱﺎﻓـﺖ، ﺑـﻪ ﻃـﻮﺭ ﻳﺶ ﻳﺰ ﺍﻓـﺰﺍ ﻴ ـﺖ ﻧﻴ ـﺯﺋﻮﻟ ﻱﻮﻡ ﺑـﺮ ﺭﻭ ﻴﺁﻣﻮﻧ
ﺘـﺮ ﻴﮔﺮﻡ ﺑﺮ ﻟ ﻲﻠﻴﻣ 1/5ﻦ ﺭﺍﻧﺪﻣﺎﻥ ﺟﺬﺏ ﺩﺭ ﻏﻠﻈﺖ ﻣﻌﺎﺩﻝ ﻳﺸﺘﺮﻴﺑ
ﺑـﻪ  ،ﺶ ﺭﺍﻧـﺪﻣﺎﻥ ﻳﺍﻓﺰﺍ .% ﮔﺰﺍﺭﺵ ﺷﺪﻩ ﺍﺳﺖ26ﺭﺥ ﺩﺍﺩ ﻛﻪ ﻣﻌﺎﺩﻝ 
ﺩﺭ ﺍﺛـﺮ  ،ﻲﻮﻧﻳ ـﺟـﺬﺏ ﻭ ﻧﻘـﺎﻁ ﺗﺒـﺎﺩﻝ ﻫـﺎﻱ  ﺖﻳﺶ ﺳﺎﻳﻞ ﺍﻓﺰﺍﻴﺩﻟ
ﮔـﺮﻡ ﺑـﺮ  ﻲﻠﻴﻣ 2ﺑﺎﻻﺗﺮ ﺍﺯ  ﻱﺑﺎﺷﺪ. ﺩﺭ ﺩﺯﻫﺎ ﻣﻲ ﺶ ﺩﺯ ﺟﺎﺫﺏﻳﺍﻓﺰﺍ
ﺖ ﻴ ـﺘـﺮ ﺟـﺎﺫﺏ ﺯﺋﻮﻟ ﻴﮔﺮﻡ ﺑﺮ ﻟ ﻲﻠﻴﻣ 1/5ﻦ ﻭ ﻴﻛﺎﺋﻮﻟ ﺘﺮ ﺍﺯ ﺟﺎﺫﺏﻴﻟ
ﻦ ﻳ  ـﺍ .ﺎﻓﺘـﻪ ﺍﺳـﺖ ﻳﺎﻫﺶ ﻮﻡ ﻛ ـﻴ ـﺭﺍﻧﺪﻣﺎﻥ ﺣـﺬﻑ ﺁﻣﻮﻧ  ،ﺳﻨﺘﺰ ﺷﺪﻩ
ﻮﻡ ﻴ ـﺁﻣﻮﻧ ﻲﺎﻥ ﻏﻠﻈﺘ ـﻳﻞ ﻛﺎﻫﺶ ﺩﺭ ﮔﺮﺍﺩﻴﺑﻪ ﺩﻟ ،ﻛﺎﻫﺶ ﺩﺭ ﺭﺍﻧﺪﻣﺎﻥ
ﺎﻥ ﻳ  ـﺑﺎﺷﺪ. ﺑﻪ ﺩﻧﺒـﺎﻝ ﻛـﺎﻫﺶ ﺩﺭ ﮔﺮﺍﺩ  ﻣﻲ ﺶ ﺩﺯ ﺟﺎﺫﺏﻳﺩﺭ ﺍﺛﺮ ﺍﻓﺰﺍ
ﺎﺑـﺪ ﻳﻣـﻲ  ﺰ ﻛـﺎﻫﺶ ﻴﺶ ﺑﺮﻧﺪﻩ ﺑﻪ ﻣﻨﻈﻮﺭ ﺟﺬﺏ ﻧﻴﭘ ﻱﺮﻭﻴﻧ ،ﻏﻠﻈﺖ
ﭼﻨـﺪ  ﻱﺭﺍ ﺑـﺮ ﺭﻭ ﻱﻣﻄﺎﻟﻌـﻪ ﺍ ،ﺑﻘـﺎ ﻭ ﻫﻤﻜـﺎﺭﺍﻧﺶ ﻲﺗﻬﺮﺍﻧـ .1ﻭ12
ﻦ ﻴﻛـﺎﺋﻮﻟ  ﻱﺑـﺎ ﺍﺳـﺘﻔﺎﺩﻩ ﺍﺯ ﺭﻭﺵ ﺟـﺬﺏ ﺑـﺮ ﺭﻭ  ﻲﻮﻧﻴﻛﺎﺗ ﻱﺭﻧﮕﺰﺍ
 ،ﺶ ﺩﺯ ﺟـﺎﺫﺏ ﻳﻧﺸـﺎﻥ ﺩﺍﺩ ﻛـﻪ ﺑـﺎ ﺍﻓـﺰﺍ  ﺞﻳﻧﺘﺎ .ﺍﻧﺠﺎﻡ ﺩﺍﺩﻧﺪ ﻲﺮﺍﻧﻳﺍ
ﺩﻫـﺪ ﻛـﻪ ﺑـﻪ ﻋﻠـﺖ ﻣـﻲ  ﺩﺭ ﺟﺬﺏ ﺭﺥ ﻱﺶ ﻗﺎﺑﻞ ﻣﻼﺣﻈﻪ ﺍﻳﺍﻓﺰﺍ
ﻛـﻪ  ﻲﺩﺭ ﺣﺎﻟ .ﺑﺎﺷﺪ ﻣﻲ ﺟﺎﺫﺏ ﻱﺟﺬﺏ ﺑﺮ ﺭﻭﻫﺎﻱ  ﺖﻳﺶ ﺳﺎﻳﺍﻓﺰﺍ
 ﺶ ﻗﺎﺑـﻞ ﻳﺍﻓﺰﺍ ،ﺶ ﺩﺯ ﺟﺎﺫﺏﻳﺑﺎ ﺍﻓﺰﺍ ،ﻨﻪﻴﭘﺲ ﺍﺯ ﮔﺬﺭ ﺍﺯ ﻏﻠﻈﺖ ﺑﻬ
ﻭ  ﻲﻟ  ـ ﻲﺎﻧﻬﻳ  ـ. 11ﺩﺭ ﺭﺍﻧـﺪﻣﺎﻥ ﻣﺸـﺎﻫﺪﻩ ﻧﺸـﺪﻩ ﺍﺳـﺖ  ﻱﺍ ﻣﻼﺣﻈﻪ
ﻮﻥ ﻣـﺲ ﺗﻮﺳـﻂ ﻳ ـﺣـﺬﻑ  ﻱﺑـﺮ ﺭﻭ  ﻱﺩﺭ ﻣﻄﺎﻟﻌـﻪ ﺍ  ،ﻫﻤﻜﺎﺭﺍﻧﺶ
 ،ﺶ ﺩﺯ ﺟﺎﺫﺏﻳﺩﺍﺩﻧﺪ ﻛﻪ ﺑﺎ ﺍﻓﺰﺍ ﻧﺸﺎﻥ ﻲﻮﻧﻳﻦ ﺑﺮﻭﺵ ﺟﺬﺏ ﻴﻛﺎﺋﻮﻟ
ﻫﺎﻱ  ﺩﺭ ﻏﻠﻈﺖ ﻲﻭﻟ ،ﺎﺑﺪﻳ ﻣﻲ ﺶﻳﺰ ﺍﻓﺰﺍﻴﻮﻥ ﻣﺲ ﻧﻳﺭﺍﻧﺪﻣﺎﻥ ﺣﺬﻑ 
ﺩﺭ  ﻲﺸ ـﻳﺶ ﺩﺯ ﺟﺎﺫﺏ ﺍﻓﺰﺍﻳﺘﺮ ﺑﺎ ﺍﻓﺰﺍﻴﻟ ﻲﻠﻴﮔﺮﻡ ﺑﺮ ﻣ 1/8ﺑﺎﻻﺗﺮ ﺍﺯ 
 .22ﺭﺍﻧﺪﻣﺎﻥ ﺣﺬﻑ ﺭﺥ ﻧﺪﺍﺩﻩ ﺍﺳﺖ
 
 ﻮﻡ ﺑﺮ ﺭﺍﻧﺪﻣﺎﻥ ﺣﺬﻑﻴﻪ ﺁﻣﻮﻧﻴﺮ ﻏﻠﻈﺖ ﺍﻭﻟﻴﺗﺎﺛ ﻲﺑﺮﺭﺳ
ﻮﻡ ﺑﺮ ﺭﺍﻧﺪﻣﺎﻥ ﻴﻣﺨﺘﻠﻒ ﺁﻣﻮﻧﻫﺎﻱ  ﺮ ﻏﻠﻈﺖﻴﻦ ﺗﺎﺛﻴﻴﺑﻪ ﻣﻨﻈﻮﺭ ﺗﻌ
 ﻲﻠ ـﻴﻣ 1-02ﻮﻡ )ﻴ ـﻣﺨﺘﻠﻒ ﺁﻣﻮﻧﻫﺎﻱ  ﺍﺯ ﻏﻠﻈﺖ ﻱﮔﺴﺘﺮﻩ ﺍ ﺣﺬﻑ،
ﻨـﻪ ﻭ ﺯﻣـﺎﻥ ﺗﻤـﺎﺱ ﻴﺑﻬ Hpﺘﺮ( ﺩﺭ ﻧﻈﺮ ﮔﺮﻓﺘﻪ ﺷﺪﻩ ﻭ ﺩﺭ ﻴﮔﺮﻡ ﺑﺮ ﻟ
ﺶ ﻗﺮﺍﺭ ﻳﻣﻮﺭﺩ ﺁﺯﻣﺎ ،ﺘﺮﻴﮔﺮﻡ ﺑﺮ ﻟ ﻲﻠﻴﻣ 2ﻦ ﻴﻘﻪ ﻭ ﺩﺯ ﻛﺎﺋﻮﻟﻴﺩﻗ 021
( ﺁﻭﺭﺩﻩ a-6)ﻧﻤـﻮﺩﺍﺭ ﺮﺍﺕ ﻏﻠﻈﺖ ﺩﺭ ﻴﻴﺞ ﻣﺮﺑﻮﻁ ﺑﻪ ﺗﻐﻳﮔﺮﻓﺖ. ﻧﺘﺎ
ﺘـﺮ ﺗـﺎ ﻴﮔﺮﻡ ﺑـﺮ ﻟ  ﻲﻠﻴﻣ 1ﻮﻡ ﺍﺯ ﻴﻮﻧﺶ ﻏﻠﻈﺖ ﺁﻣﻳﺷﺪﻩ ﺍﺳﺖ. ﺑﺎ ﺍﻓﺰﺍ
ﺭﺍﻧـﺪﻣﺎﻥ  ﻲﻭﻟ ،ﺶﻳ( ﺍﻓﺰﺍeqﺖ ﺟﺬﺏ )ﻴﻇﺮﻓ ،ﺘﺮﻴﮔﺮﻡ ﺑﺮ ﻟ ﻲﻠﻴﻣ 02
 1ﻮﻡ ﺍﺯ ﻴ ـﺶ ﻏﻠﻈـﺖ ﺁﻣﻮﻧ ﻳﺎﺑﺪ. ﺑﺎ ﺍﻓـﺰﺍ ﻳ ﻣﻲ ﻮﻡ ﻛﺎﻫﺶﻴﺣﺬﻑ ﺁﻣﻮﻧ
 0/10ﺖ ﺟﺬﺏ ﺍﺯ ﻴﺘﺮ، ﻇﺮﻓﻴﮔﺮﻡ ﺑﺮ ﻟ ﻲﻠﻴﻣ 02ﺘﺮ ﺗﺎ ﻴﮔﺮﻡ ﺑﺮ ﻟ ﻲﻠﻴﻣ
 .ﺎﺑـﺪ ﻳﻣـﻲ  ﺶﻳﮔﺮﻡ ﺑﺮ ﮔﺮﻡ ﺍﻓـﺰﺍ  ﻲﻠﻴﻣ 0/521ﮔﺮﻡ ﺑﺮ ﮔﺮﻡ ﺑﻪ  ﻲﻠﻴﻣ
ﺐ ﺍﺯ ﻴ ـﻮﻡ ﺑـﻪ ﺗﺮﺗ ﻴ ـﺍﺳﺖ ﻛﻪ ﺭﺍﻧﺪﻣﺎﻥ ﺣـﺬﻑ ﺁﻣﻮﻧ  ﻲﻦ ﺩﺭ ﺻﻮﺭﺗﻳﺍ
( b-6)ﻧﻤﻮﺩﺍﺭ ﻦ ﺑﺎ ﺗﻮﺟﻪ ﺑﻪ ﻴﺎﺑﺪ. ﻫﻤﭽﻨﻳ ﻣﻲ % ﻛﺎﻫﺶ 52% ﺑﻪ 83
ﮔﺮﻡ  ﻲﻠﻴﻣ 01ﺘﺮ ﺗﺎ ﻴﮔﺮﻡ ﺑﺮ ﻟ ﻲﻠﻴﻣ 2ﻮﻡ ﺍﺯ ﻴﺶ ﻏﻠﻈﺖ ﺁﻣﻮﻧﻳﺑﺎ ﺍﻓﺰﺍ
ﻮﻡ ﻴﺭﺍﻧﺪﻣﺎﻥ ﺣﺬﻑ ﺁﻣﻮﻧ ﻲﺶ ﻭﻟﻳ( ﺍﻓﺰﺍeqﺖ ﺟﺬﺏ )ﻴﻇﺮﻓ ،ﺘﺮﻴﺑﺮ ﻟ
ﺘـﺮ ﻴﮔﺮﻡ ﺑﺮ ﻟ ﻲﻠﻴﻣ 2ﻮﻡ ﺍﺯ ﻴﻏﻠﻈﺖ ﺁﻣﻮﻧﺶ ﻳﺎﺑﺪ. ﺑﺎ ﺍﻓﺰﺍﻳ ﻣﻲ ﻛﺎﻫﺶ
ﮔـﺮﻡ ﺑـﺮ  ﻲﻠﻴﻣ 0/240ﺖ ﺟﺬﺏ ﺍﺯ ﻴﺘﺮ، ﻇﺮﻓﻴﮔﺮﻡ ﺑﺮ ﻟ ﻲﻠﻴﻣ 01ﺗﺎ 
 ﻲﻦ ﺩﺭ ﺻـﻮﺭﺗ ﻳﺍ ﺎﺑﺪ.ﻳ ﻣﻲ ﺶﻳﮔﺮﻡ ﺑﺮ ﮔﺮﻡ ﺍﻓﺰﺍ ﻲﻠﻴﻣ 0/61ﮔﺮﻡ ﺑﻪ 
% 84% ﺑـﻪ 26ﺐ ﺍﺯ ﻴ ـﻮﻡ ﺑـﻪ ﺗﺮﺗ ﻴ ـﺍﺳﺖ ﻛﻪ ﺭﺍﻧـﺪﻣﺎﻥ ﺣـﺬﻑ ﺁﻣﻮﻧ 
ﻦ ﻳ ـﻮﻡ ﻣﺮﺗﺒﻂ ﺑـﺎ ﺍ ﻴﺎﺑﺪ. ﻛﺎﻫﺶ ﺩﺭ ﺭﺍﻧﺪﻣﺎﻥ ﺣﺬﻑ ﺁﻣﻮﻧﻳ ﻣﻲ ﻛﺎﻫﺶ
 ﻱﺟـﺬﺏ ﻣﺤـﺪﻭﺩ ﻫـﺎﻱ  ﺖﻳﺳـﺎ  ،ﻫﺎ ﺿﻮﻉ ﺍﺳﺖ ﻛﻪ ﻫﻤﻪ ﺟﺎﺫﺏﻣﻮ
ﺶ ﻏﻠﻈﺖ ﺭﺍﻧـﺪﻣﺎﻥ ﻳﺑﺎ ﺍﻓﺰﺍ ،ﻫﺎ ﺖﻳﻦ ﺳﺎﻳﺑﺎ ﺍﺷﻐﺎﻝ ﺷﺪﻥ ﺍﺩﺍﺭﻧﺪ ﻛﻪ 
ﺶ ﻳﺍﻓـﺰﺍ  ،ﺐﻴ ـﻦ ﺗﺮﺗﻳ ـﺎﻓﺖ. ﺑـﻪ ﺍ ﻳﻛﺎﻫﺶ ﺧﻮﺍﻫﺪ  ،ﻮﻡﻴﺣﺬﻑ ﺁﻣﻮﻧ
ﺷـﺪﻩ ﻭ ﺑﺎﻋـﺚ ﻛـﺎﻫﺶ  ﻲﺎﺑﻳ ـﻚ ﻋﺎﻣﻞ ﻣﺤﺪﻭﺩ ﻛﻨﻨﺪﻩ ﺍﺭﺯﻳﻏﻠﻈﺖ 
 ﺖﻴ ـﺶ ﻇﺮﻓﻳﮔﺮﺩﺩ. ﺩﺭ ﺭﺍﺑﻄـﻪ ﺑـﺎ ﺍﻓـﺰﺍ  ﻣﻲ ﻮﻡﻴﺭﺍﻧﺪﻣﺎﻥ ﺣﺬﻑ ﺁﻣﻮﻧ
 02ﺑـﻪ  1ﻮﻡ ﺍﺯ ﻴﺶ ﻏﻠﻈﺖ ﺁﻣﻮﻧﻳﻗﺎﺑﻞ ﺫﻛﺮ ﺍﺳﺖ ﻛﻪ ﺑﺎ ﺍﻓﺰﺍ ،ﺟﺬﺏ
ﺎﻥ ﻳ ـﻦ ﮔﺮﺍﺩﻳ ـﺎﻓﺘـﻪ ﻭ ﺍ ﻳﺶ ﻳﺍﻓﺰﺍ ﻲﺎﻥ ﻏﻠﻈﺘﻳﮔﺮﺍﺩ ،ﺘﺮﻴﮔﺮﻡ ﺑﺮ ﻟ ﻲﻠﻴﻣ
ﺶ ﺑﺮﻧـﺪﻩ ﺑـﻪ ﺳـﻤﺖ ﻴﭘـ ﻱﺮﻭﻴـﺳـﺒﺐ ﺑﻮﺟـﻮﺩ ﺁﻣـﺪﻥ ﻧ ﻲﻏﻠﻈﺘـ
ﺶ ﺑﺮﻧـﺪﻩ ﺑﺎﻋـﺚ ﻴﭘ ـ ﻱﺮﻭﻫﺎﻴﻦ ﻧﻳﮔﺮﺩﺩ ﻛﻪ ﺍ ﻣﻲ ﺟﺎﺫﺏﻫﺎﻱ  ﺖﻳﺳﺎ
ﺑـﻪ ﻓـﺎﺯ  ﻲﺁﺑ  ـ ﻮﻡ ﺍﺯ ﻓﺎﺯﻴﺁﻣﻮﻧ ﻳﻲﻏﻠﺒﻪ ﺑﺮ ﻣﻘﺎﻭﻣﺖ ﺣﺎﺻﻞ ﺍﺯ ﺟﺎﺑﺠﺎ
ﺖ ﺟـﺬﺏ ﺑـﺎ ﻴﺐ ﻇﺮﻓﻴﻦ ﺗﺮﺗﻳﺑﻪ ﺍ .ﮔﺮﺩﺩ ﻣﻲ )ﺳﻄﺢ ﺟﺎﺫﺏ( ﺟﺎﻣﺪ
 .1ﻭ81ﺎﺑﺪﻳ ﻣﻲ ﺶﻳﻮﻡ ﺍﻓﺰﺍﻴﺶ ﻏﻠﻈﺖ ﺁﻣﻮﻧﻳﺍﻓﺰﺍ
ﻮﻡ ﺑـﺎ ﻴ ـﺣـﺬﻑ ﺁﻣﻮﻧ  ﻱﺎﻥ ﻭ ﻫﻤﻜـﺎﺭﺍﻧﺶ ﺑـﺮ ﺭﻭ ﻴﻫﺑﺮﺍﮔﻮ ﻲﭘﻮﻟ
 ﻫﺎﻱ ﺁﺑﻲ ﺍﺯ ﻣﺤﻴﻂﺯﺋﻮﻟﻴﺖ ﺗﻬﻴﻪ ﺷﺪﻩ ﺍﺯ ﻛﺎﺋﻮﻟﻴﻦ ﻭ ﺯﺋﻮﻟﻴﺖ ﻣﮕﻨﺖ ﺷﺪﻩ  ﺑﺮﺭﺳﻲ ﺣﺬﻑ ﺁﻣﻮﻧﻴﻮﻡ ﺑﺎ ﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ ﻛﺎﺋﻮﻟﻴﻦ،
 523    ♦    3931 ﺗﺎﺑﺴﺘﺎﻥ، 4ﺳﺎﻝ ﺍﻭﻝ، ﺷﻤﺎﺭﻩ  ،ﻣﺠﻠﻪ ﻣﻬﻨﺪﺳﻲ ﺑﻬﺪﺍﺷﺖ ﻣﺤﻴﻂ
ﺞ ﺣﺎﺻـﻞ ﺍﺯ ﻳﻧﺘـﺎ  .ﻦ ﺍﻧﺠـﺎﻡ ﺩﺍﺩﻧـﺪ ﻴﺖ ﻭ ﻛـﺎﺋﻮﻟ ﻴ ـﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ ﺑﻨﺘﻮﻧ
ﺭﺍﻧـﺪﻣﺎﻥ  ،ﺶ ﻏﻠﻈﺖﻳﻨﻮﻡ ﻧﺸﺎﻥ ﺩﺍﺩ ﻛﻪ ﺑﺎ ﺍﻓﺰﺍﻳﺶ ﻏﻠﻈﺖ ﺁﻣﻮﻳﺍﻓﺰﺍ
ﺎﺑـﺪ. ﻳﻣـﻲ  ﺶﻳﺖ ﺟـﺬﺏ ﺁﻥ ﺍﻓـﺰﺍ ﻴ ـﻮﻡ ﻛﺎﻫﺶ ﻭ ﻇﺮﻓﻴﺣﺬﻑ ﺁﻣﻮﻧ
ﺑﻪ ﻋﻠﺖ  ،ﻮﻡﻴﺑﺎﻻﺗﺮ ﺁﻣﻮﻧﻫﺎﻱ  ﺖ ﺟﺬﺏ ﺩﺭ ﻏﻠﻈﺖﻴﺶ ﺩﺭ ﻇﺮﻓﻳﺍﻓﺰﺍ
ﺑـﻮﺩﻩ ﻭ ﺑـﺎﻻﺗﺮ ﻫـﺎﻱ ﺶ ﺑﺮﻧﺪﻩ ﺩﺭ ﻏﻠﻈـﺖ ﻴﭘ ﻱﺮﻭﻫﺎﻴﺶ ﺩﺭ ﻧﻳﻓﺰﺍﺍ
ﺰ ﺑـﻪ ﻋﻠـﺖ ﺍﺷـﻐﺎﻝ ﺷـﺪﻥ ﻴ ـﻮﻡ ﻧﻴ ـﻛﺎﻫﺶ ﺩﺭ ﺭﺍﻧﺪﻣﺎﻥ ﺣﺬﻑ ﺁﻣﻮﻧ
ﻮﻡ ﮔـﺰﺍﺭﺵ ﻴﺑﺎﻻﺗﺮ ﺍﺯ ﺁﻣﻮﻧﻫﺎﻱ  ﺟﺬﺏ ﺛﺎﺑﺖ ﺩﺭ ﻏﻠﻈﺖﻫﺎﻱ  ﺖﻳﺳﺎ
 .81ﺷﺪﻩ ﺍﺳﺖ
 ﻱﻛـﻪ ﺑـﺮ ﺭﻭ  ﻱژﺍﻧﮓ ﻣﻮﻻﻥ ﻭ ﻫﻤﻜﺎﺭﺍﻧﺶ ﺑﺮ ﺍﺳﺎﺱ ﻣﻄﺎﻟﻌﻪ ﺍ
ﺖ ﺳﻨﺘﺰ ﺷﺪﻩ ﺍﻧﺠﺎﻡ ﺩﺍﺩﻧـﺪ، ﻴﻮﻡ ﺑﺎ ﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ ﺯﺋﻮﻟﻴﻮﻥ ﺁﻣﻮﻧﻳﺣﺬﻑ 
ﺭﺍ ﺩﺭ  ﻳﻲﺳـﺰﺍ ﻪ ﺮ ﺑﻴﻮﻡ ﺗﺎﺛﻴﺮﺍﺕ ﺩﺭ ﻏﻠﻈﺖ ﺁﻣﻮﻧﻴﻴﻧﺸﺎﻥ ﺩﺍﺩﻧﺪ ﻛﻪ ﺗﻐ
 ،ﻮﻡﻴ ـﺶ ﻏﻠﻈـﺖ ﺁﻣﻮﻧ ﻳﺑـﺎ ﺍﻓـﺰﺍ  .ﻮﻡ ﺩﺍﺭﺩﻴﻮﻥ ﺁﻣﻮﻧﻳﻑ ﺭﺍﻧﺪﻣﺎﻥ ﺣﺬ
% ﺑـﻪ 66ﻛﻪ ﺍﺯ ﺭﺍﻧﺪﻣﺎﻥ  ﻱﺎﻓﺘﻪ ﺑﻪ ﻃﻮﺭﻳﺭﺍﻧﺪﻣﺎﻥ ﺣﺬﻑ ﺁﻥ ﻛﺎﻫﺶ 
ﺶ ﺩﺭ  ﻳﺍﺳـﺖ ﻛـﻪ ﺑـﺎ ﺍﻓـﺰﺍ  ﻲﻦ ﺩﺭ ﺻـﻮﺭﺗ ﻳﺪﻩ ﺍﺳﺖ ﻭ ﺍﻴ% ﺭﺳ82
ﻦ ﻳ ـﺎﻓﺘـﻪ ﺍﺳـﺖ. ﺍ ﻳﺶ ﻳﺰ ﺍﻓـﺰﺍ ﻴ ـﺖ ﺟـﺬﺏ ﻧ ﻴﻮﻡ ﻇﺮﻓﻴﻏﻠﻈﺖ ﺁﻣﻮﻧ
ﺶ ﻴﭘ ـ ﻱﺮﻭﻴﺶ ﻧﻳﺖ ﺟﺬﺏ ﺭﺍ ﺍﻓﺰﺍﻴﺶ ﺩﺭ ﻇﺮﻓﻳﻣﺤﻘﻘﺎﻥ ﻋﻠﺖ ﺍﻓﺰﺍ
ﺎﻥ ﻴ ـﻮﻡ ﺑﻴ ـﺶ ﺩﺭ ﻏﻠﻈﺖ ﺁﻣﻮﻧﻳﻞ ﺍﻓﺰﺍﻴﺟﺬﺏ ﺑﻪ ﺩﻟ ﻓﺮﺁﻳﻨﺪﻩ ﺩﺭ ﺑﺮﻧﺪ
ﺪ ﺭﺍ ﻳ ـﺞ ﻣﺸـﺎﺑﻪ ﺁﻧﭽـﻪ ﺫﻛـﺮ ﮔﺮﺩ ﻳﺰ ﻧﺘﺎﻴﻦ ﻧﻴﺮ ﻣﺤﻘﻘﻳ. ﺳﺎ1ﻛﺮﺩﻩ ﺍﻧﺪ
 .3ﻭ5ﺍﻧﺪﺑﺪﺳﺖ ﺁﻭﺭﺩﻩ 
 
ﺖ ﻴ  ـﺖ ﻭ ﺯﺋﻮﻟﻴ  ـﻦ، ﺯﺋﻮﻟﻴﺰﻭﺗـﺮﻡ ﺟـﺬﺏ ﻛـﺎﺋﻮﻟ ﻳﺍ ﻲﺑﺮﺭﺳ
 ﻣﮕﻨﺖ ﺷﺪﻩ
ﺮ ﺟـﺬﺏ ﺷـﺪﻩ ﺑـﺮ ﻳﻦ ﻣﻘﺎﺩﻴﺭﺍﺑﻄﻪ ﺑ ،ﺰﻭﺗﺮﻡ ﺟﺬﺏﻳﺍﻫﺎﻱ  ﻣﺪﻝ
ﺩﺭ ﻣﺤﻠـﻮﻝ ﺭﺍ  ﻲﻣﺎﻧـﺪﻩ ﻭ ﺗﻌـﺎﺩﻟ  ﻲﺑﺎﻗﻫﺎﻱ  ﺟﺎﺫﺏ ﻭ ﻏﻠﻈﺖ ﻱﺭﻭ
ﺟـﺬﺏ، ﻣـﺪﻝ ﻫـﺎﻱ ﺰﻭﺗـﺮﻡ ﻳﻦ ﺍﻳﺍﺯ ﺟﻤﻠﻪ ﻣﻬﻢ ﺗـﺮ ﺩﻫﻨﺪ.  ﻣﻲ ﻧﺸﺎﻥ
ﺟـﺬﺏ  ،ﺮﻴ ـﺰﻭﺗـﺮﻡ ﻻﻧﮕﻤ ﻳﭻ ﺍﺳﺖ. ﺩﺭ ﺍﻴﺮ ﻭ ﻓﺮﻭﻧﺪﻟﻴﺟﺬﺏ ﻻﻧﮕﻤ
ﺰﻭﺗـﺮﻡ ﻳﻪ ﺍﻧﺠـﺎﻡ ﺷـﺪﻩ ﻭ ﺩﺭ ﺍ ﻳ ـﻓﻘﻂ ﺑﻪ ﺻـﻮﺭﺕ ﺗـﻚ ﻻ  ﻲﺳﻄﺤ
ﻫـﺎﻱ  ﻪﻳ ـﺟـﺎﺫﺏ ﺩﺭ ﻻ  ﻱﻊ ﺑﺮ ﺭﻭﻳﺟﺬﺏ ﻣﻮﺍﺩ ﺍﺯ ﻓﺎﺯ ﻣﺎ ،ﭻﻴﻓﺮﻭﻧﺪﻟ
ﺷـﻮﺩ. ﺑـﺮ  ﻣﻲ ﺍﻧﺠﺎﻡ ﻲﻣﺨﺘﻠﻔ ﻲﺟﺬﺏ ﺳﻄﺤﻫﺎﻱ  ﻱﻣﺨﺘﻠﻒ ﺑﺎ ﺍﻧﺮژ
ﺰﻭﺗـﺮﻡ ﻳﻗﺎﺑﻞ ﻣﺸﺎﻫﺪﻩ ﺍﺳﺖ ﻛﻪ ﻫﺮ ﺩﻭ ﺍ ﺁﻣﺪﻩ، ﺩﺳﺖﻪ ﺞ ﺑﻳﻃﺒﻖ ﻧﺘﺎ
ﻲ ﻗﺎﺑـﻞ ﺗـﻮﺟﻬ ﻲﺐ ﻫﻤﺒﺴـﺘﮕﻳﺿـﺮ ﻱﭻ ﺩﺍﺭﺍﻴﺮ ﻭ ﻓﺮﻭﻧـﺪﻟﻴـﻻﻧﮕﻤ
ﺑـﺎ  ﻱﺸـﺘﺮ ﻴﺑ ﻲﺸﺎﺕ ﻫﻤﺨﻮﺍﻧﻳﺞ ﺣﺎﺻﻞ ﺍﺯ ﺁﺯﻣﺎﻳﻧﺘﺎ ﻲﻭﻟ .ﺑﺎﺷﻨﺪ ﻣﻲ
 .81ﭻ ﺩﺍﺷﺘﻪ ﺍﺳﺖﻴﻣﺪﻝ ﻓﺮﻭﻧﺪﻟ
ﻫـﺎﻱ ﺰﻭﺗـﺮﻡ ﻳﺞ ﺣﺎﺻﻞ ﺍﺯ ﻣﻌﺎﺩﻻﺕ ﻣﺮﺑﻮﻁ ﺑﻪ ﺍﻳﺑﺎ ﺗﻮﺟﻪ ﺑﻪ ﻧﺘﺎ
ﻗﺎﺑﻞ ﻣﺸﺎﻫﺪﻩ ﺍﺳـﺖ  ،(2) ﻦ ﺟﺪﻭﻝﻴﻭ ﻫﻤﭽﻨ ﺮﻴﭻ ﻭ ﻻﻧﮕﻤﻴﻓﺮﻭﻧﺪﻟ
 ﭻﻴﻓﺮﻭﻧــﺪﻟ ﻮﻥ ﻣﻌﺎﺩﻟــﻪﻴﺐ ﺭﮔﺮﺳــﻳﺑــﺎ ﺗﻮﺟــﻪ ﺑــﻪ ﺿــﺮ ﻛــﻪ 
ﺰﻭﺗ ــﺮﻡ ﻳﻦ ﺍﺯ ﺍﻴﻛ ــﺎﺋﻮﻟ ﻱﻮﻡ ﺑ ــﺮ ﺭﻭﻴ ــﺟ ــﺬﺏ ﺁﻣﻮﻧ، (=2R 0/89)
ﻦ ﻴﻛﺎﺋﻮﻟ ﻱﻮﻡ ﺑﺮ ﺭﻭﻴﻦ ﺟﺬﺏ ﺁﻣﻮﻧﻳﻛﻨﺪ. ﺑﻨﺎﺑﺮﺍ ﻣﻲ ﺖﻴﭻ ﺗﺒﻌﻴﻓﺮﻭﻧﺪﻟ
ﻣﺘﻔﺎﻭﺕ ﺍﻧﺠﺎﻡ ﮔﺮﻓﺘـﻪ ﺍﺳـﺖ.  ﻱﻣﺨﺘﻠﻒ ﺑﺎ ﺳﻄﺢ ﺍﻧﺮژﻫﺎﻱ  ﻪﻳﺩﺭ ﻻ
ﺎﻧﮕﺮ ﺷـﺪﺕ ﺟـﺬﺏ ﺍﺳـﺖ ﻭ ﻴ ـﭻ ﺑﻴﺰﻭﺗﺮﻡ ﻓﺮﻭﻧـﺪﻟ ﻳﺩﺭ ﺍ n ﭘﺎﺭﺍﻣﺘﺮ
 ﻣﺸـﺨﺺ  1 ﻛﻤﺘـﺮ ﺍﺯ  ،n/1 ﺮﻳﺩﺟـﺬﺏ ﺩﺭ ﻣﻘـﺎ  ﻓﺮﺁﻳﻨـﺪ ﺖ ﻴﻣﻄﻠﻮﺑ
 . 32ﺑﻮﺩ 1ﻛﻤﺘﺮ ﺍﺯ  n/1ﺮ ﻳﻣﻘﺎﺩ ﻓﺮﺁﻳﻨﺪ،ﻦ ﻳﻛﻪ ﺩﺭ ﺍ ﺷﻮﺩ ﻣﻲ
ﻗﺎﺑـﻞ ﻣﺸـﺎﻫﺪﻩ  ،(b-7) ﻧﻤـﻮﺩﺍﺭ ﺞ ﺣﺎﺻـﻞ ﺍﺯ ﻳﺑﺎ ﺗﻮﺟﻪ ﺑﻪ ﻧﺘـﺎ 
( ﺩﺭ =2R 0/899ﭻ )ﻴﻮﻥ ﻣﻌﺎﺩﻟـﻪ ﻓﺮﻭﻧـﺪﻟ ﻴﺐ ﺭﮔﺮﺳ ـﻳﺍﺳﺖ ﻛﻪ ﺿﺮ
 ﺖﻴ ـﭻ ﺗﺒﻌﻴﺰﻭﺗـﺮﻡ ﻓﺮﻭﻧـﺪﻟ ﻳﺖ ﺍﺯ ﺍﻴ ـﺯﺋﻮﻟ ﻱﻮﻡ ﺑـﺮ ﺭﻭ ﻴﺟﺬﺏ ﺁﻣﻮﻧ
ﻭ  ﻲﻟ .42ﺑﺎﺷﺪ ﻣﻲ 1ﻛﻤﺘﺮ ﺍﺯ  n/1ﺮ ﻳﺰ ﻣﻘﺎﺩﻴﻧ ﻓﺮﺁﻳﻨﺪﻦ ﻳﻛﻨﺪ. ﺩﺭ ﺍ ﻣﻲ
ﻮﻡ ﺑﺎ ﺍﺳﺘﻔﺎﺩﻩ ﻴﺣﺬﻑ ﺁﻣﻮﻧ ﻱﺑﺮ ﺭﻭ ﻱﺑﺎ ﺍﻧﺠﺎﻡ ﻣﻄﺎﻟﻌﻪ ﺍﻫﻤﻜﺎﺭﺍﻧﺶ 
، ﻧﺸـﺎﻥ ﺩﺍﺩﻧـﺪ AaNﺖ ﻴﻪ ﺷﺪﻩ ﺍﺯ ﺯﺋﻮﻟﻴﺖ ﻣﮕﻨﺖ ﺷﺪﻩ ﺗﻬﻴﺍﺯ ﺯﺋﻮﻟ
ﺑﺎ ﺍﺳـﺘﻔﺎﺩﻩ  .01ﻛﻨﺪ ﻣﻲ ﺖﻴﭻ ﺗﺒﻌﻴﺰﻭﺗﺮﻡ ﺟﺬﺏ ﺍﺯ ﻣﺪﻝ ﻓﺮﻭﻧﺪﻟﻳﻛﻪ ﺍ
ﺞ ﻳﭻ، ﻧﺘﺎﻴﺮ ﻭ ﻓﺮﻭﻧﺪﻟﻴﺰﻭﺗﺮﻡ ﻻﻧﮕﻤﻳﻣﺮﺑﻮﻁ ﺑﻪ ﺍ ﻱﺍﺯ ﺭﺳﻢ ﻧﻤﻮﺩﺍﺭﻫﺎ
ﺖ ﻣﮕﻨـﺖ ﺍﺯ ﻣـﺪﻝ ﻴـﺯﺋﻮﻟ ﻱﻮﻡ ﺑـﺮ ﺭﻭﻴـﻧﺸـﺎﻥ ﺩﺍﺩ ﺟـﺬﺏ ﺁﻣﻮﻧ
 ﻛﻨﺪ. ﻣﻲ ﺖﻴﭻ ﺗﺒﻌﻴﻓﺮﻭﻧﺪﻟ
 
ﻦ، ﻴﻛـﺎﺋﻮﻟ ﻱﻮﻡ ﺑـﺮ ﺭﻭﻴـﻚ ﺟـﺬﺏ ﺁﻣﻮﻧﻴﻨﺘﻴﺳـ ﻲﺑﺮﺭﺳـ
 ﺖ ﻣﮕﻨﺖ ﺷﺪﻩﻴﺖ ﺳﻨﺘﺰ ﺷﺪﻩ ﻭ ﺯﺋﻮﻟﻴﻮﻟﺯﺋ
 ﻮﻡﻴ ـﺁﻣﻮﻧﺟﺬﺏ  ﻲﻜﻴﻨﺘﻴﺳ ﻱﺮ ﺑﻪ ﺩﺳﺖ ﺁﻣﺪﻩ ﺍﺯ ﭘﺎﺭﺍﻣﺘﺮﻫﺎﻳﻣﻘﺎﺩ
 ﺖ ﺳﻨﺘﺰ ﺷـﺪﻩ ﻭ ﻣﮕﻨـﺖ ﺷـﺪﻩ ﺩﺭ ﺟـﺪﻭﻝ ﻴﻦ ﻭ ﺯﺋﻮﻟﻴﺗﻮﺳﻂ ﻛﺎﺋﻮﻟ
 ﻲﻜﻴﻨﺘﻴﻮﻥ ﺩﺭ ﻣـﺪﻝ ﺳ ـﻴﺐ ﺭﮔﺮﺳﻳ( ﻧﺸﺎﻥ ﺩﺍﺩﻩ ﺷﺪﻩ ﺍﺳﺖ. ﺿﺮ3)
ﺒﺎ ﻳﺸﺘﺮ ﻭ ﺗﻘﺮﻴﻣﺪﻝ ﺷﺒﻪ ﺩﺭﺟﻪ ﺍﻭﻝ، ﺑﺴﻪ ﺑﺎ ﻳﺷﺒﻪ ﺩﺭﺟﻪ ﺩﻭﻡ ﺩﺭ ﻣﻘﺎ
، ﻦﻴﻛـﺎﺋﻮﻟ ﻱﺐ ﺑ ـﺮﺍﻴـﺑ ـﻪ ﺗﺮﺗ 0/399ﻭ  0/399، 0/799ﺑﺮﺍﺑ ـﺮ ﺑ ـﺎ 
ﻦ ﻴﺑﺎﺷـﺪ. ﻫﻤﭽﻨ ـﻣـﻲ  ﺖ ﻣﮕﻨـﺖ ﺷـﺪﻩ ﻴﺖ ﺳﻨﺘﺰ ﺷﺪﻩ ﻭ ﺯﺋﻮﻟﻴﺯﺋﻮﻟ
ﺍﺯ ﻣﺪﻝ ﺷﺒﻪ ﺩﺭﺟﻪ ﺩﻭﻡ  (lac,e𝑞) ﺖ ﺟﺬﺏﻴﻇﺮﻓ ﻲﺮ ﻣﺤﺎﺳﺒﺎﺗﻳﻣﻘﺎﺩ
 ﻥﺯﻫﺮﺍ ﺭﺣﻤﺎﻧﻲ ﻭ ﻫﻤﻜﺎﺭﺍ
 3931 ﺗﺎﺑﺴﺘﺎﻥ، 4ﺳﺎﻝ ﺍﻭﻝ، ﺷﻤﺎﺭﻩ  ،ﻣﺠﻠﻪ ﻣﻬﻨﺪﺳﻲ ﺑﻬﺪﺍﺷﺖ ﻣﺤﻴﻂ    ♦    623
ﺖ ﻴﺑﺎ ﻇﺮﻓ ﻱﺸﺘﺮﻴﺑ ﻲﻭ ﻫﻤﺨﻮﺍﻧ ﻲﻜﻳﻧﺴﺒﺖ ﺑﻪ ﺷﺒﻪ ﺩﺭﺟﻪ ﺍﻭﻝ ﻧﺰﺩ
ﻦ ﻳـ( ﺩﺍﺭﺩ. ﺑـﻪ ﺍpxe,e𝑞) ﻲﺸـﺎﺕ ﺗﺠﺮﺑ ـﻳﺎﺻـﻞ ﺍﺯ ﺁﺯﻣﺎﺟـﺬﺏ ﺣ
ﻚ ﺩﺭﺟﻪ ﺩﻭﻡ ﻛﺎﺫﺏ ﻴﻨﺘﻴﻫﺮ ﺳﻪ ﺟﺎﺫﺏ ﻣﻮﺭﺩ ﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ ﺳ ،ﺐﻴﺗﺮﺗ
 ﻛﻨﻨﺪ. ﻱ ﻣﻲﺮﻭﻴﭘ
ﻮﻡ ﻴﺣﺬﻑ ﺁﻣﻮﻧ ﻱﻭ ﻫﻤﻜﺎﺭﺍﻧﺶ ﺑﺮ ﺭﻭ ﻲﻛﻪ ﺷﺎﻓ ﻱﺩﺭ ﻣﻄﺎﻟﻌﻪ ﺍ
ﻛـﻪ  ﺞ ﻧﺸـﺎﻥ ﺩﺍﺩ ﻳﻧﺘـﺎ  ،ﺍﻧﺠﺎﻡ ﺩﺍﺩﻧـﺪ  ﻱﻦ ﻣﺼﺮﻴﺑﺎ ﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ ﻛﺎﺋﻮﻟ
ﻚ ﻴﻨﺘﻴﺰ ﺍﺯ ﺳ ـﻴ ـﻦ ﻧﻴﻦ ﻛﺎﺋﻮﻟﻳﺍﺯ ﺍ ﻮﻡ ﺑﺎ ﺍﺳﺘﻔﺎﺩﻩﻴﻭﺍﻛﻨﺶ ﺣﺬﻑ ﺁﻣﻮﻧ
ﺎﻥ ﻴ ـﻛـﻪ ﺑﺮﻭﮔﺎﻫ  ﻱ. ﺩﺭ ﻣﻄﺎﻟﻌﻪ ﺍ52ﻛﻨﺪﻲﻣ ﻱﺮﻭﻴﺩﺭﺟﻪ ﺩﻭﻡ ﻛﺎﺫﺏ ﭘ
ﻦ ﻭ ﻴﺘﻔﺎﺩﻩ ﺍﺯ ﻛـﺎﺋﻮﻟ ﻮﻡ ﺑـﺎ ﺍﺳ ـﻴ ـﺣﺬﻑ ﺁﻣﻮﻧ ﻱﺑﺮ ﺭﻭ ﻭ ﻫﻤﻜﺎﺭﺍﻧﺶ
ﻮﻡ ﺑـﺎ ﻴ ـﺖ ﺍﻧﺠﺎﻡ ﺩﺍﺩﻧﺪ، ﻗﺎﺑﻞ ﻣﺸﺎﻫﺪﻩ ﺍﺳﺖ ﻛﻪ ﺣـﺬﻑ ﺁﻣﻮﻧ ﻴﺑﻨﺘﻮﻧ
ﻭ  ﻱﺮﻭﻴﻛﺎﺫﺏ ﭘ 2ﺖ ﺍﺯ ﻭﺍﻛﻨﺶ ﺩﺭﺟﻪ ﻴﻦ ﻭ ﺑﻨﺘﻮﻧﻴﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ ﻛﺎﺋﻮﻟ
ﺭﺍ   ﻲﻦ ﻫﻤﺨـﻮﺍﻧ ﻳﺸـﺘﺮ ﻴﺮ ﺑﻴ ـﺰﻭﺗـﺮﻡ ﻻﻧﮕﻤ ﻳﺰ ﺑـﺎ ﺍ ﻴﺰﻭﺗﺮﻡ ﺟﺬﺏ ﻧﻳﺍ
ﻦ ﻣﻄﻠـﺐ ﻳ ـﺎﻧﮕﺮ ﺍﻴ ـﺰ ﺑﻴ ـﺍﻧﺠﺎﻡ ﮔﺮﻓﺘـﻪ ﻧ ﻫﺎﻱ  ﺮ ﭘﮋﻭﻫﺶﻳ. ﺳﺎ81ﺩﺍﺭﺩ
ﻫﺎ  ﻮﻡ ﺑﺎ ﺍﺳﺘﻔﺎﺩﻩ ﺍﺯ ﺍﻧﻮﺍﻉ ﺟﺎﺫﺏﻴﻮﻥ ﺁﻣﻮﻧﻳﺍﺳﺖ ﻛﻪ ﻭﺍﻛﻨﺶ ﺣﺬﻑ 
 .72،62،02،01ﻛﻨﺪ ﻱ ﻣﻲﺮﻭﻴﻚ ﺩﺭﺟﻪ ﺩﻭﻡ ﻛﺎﺫﺏ ﭘﻴﻨﺘﻴﺍﺯ ﺳ
 
 ﻱﺮﻴﮔ ﺠﻪﻴﻧﺘ
 ﻲﻦ ﻓﺎﺯ ﺍﺻـﻠ ﻴﻦ ﺍﺳﺖ ﻛﻪ ﺩﺭ ﻛﺎﺋﻮﻟﻳﻧﺸﺎﻥ ﺩﻫﻨﺪﻩ ﺍ DRXﺞ ﻳﻧﺘﺎ
ﻭ ﺩﺭ  ﺑﺎﺷـﻨﺪ ﻣـﻲ  ﻦﻴﻛـﺎﺋﻮﻟ ﻫﺎﻱ  ﺖ ﻭ ﮔﺮﻭﻩﻴﻨﻴﻟ، ﻛﺎﺋﻮ(2OiS)ﻛﻮﺍﺭﺗﺰ 
ﺪ ﻳﻴـﺗﺎ (2OiS)ﻛـﻮﺍﺭﺗﺰ  ﻱﺖ ﺳـﻨﺘﺰ ﺷـﺪﻩ، ﺣﻀـﻮﺭ ﺑﻠﻮﺭﻫـﺎﻴـﺯﺋﻮﻟ
ﻧﺸﺎﻥ ﺩﻫﻨـﺪﻩ ﺳـﺎﺧﺘﺎﺭ ﻭﺭﻗـﻪ ﻭﺭﻗـﻪ ﺫﺭﺍﺕ  MESﺮ ﻳﺪ. ﺗﺼﺎﻭﻳﮔﺮﺩ
ﺫﺭﺍﺕ ﺑﻪ ﺷﻜﻞ ﻧﺎﻣﻨﻈﻢ  ،ﺖ ﺳﻨﺘﺰ ﺷﺪﻩﻴﺑﺎﺷﺪ ﻭ ﺩﺭ ﺯﺋﻮﻟ ﻣﻲ ﻦﻴﻛﺎﺋﻮﻟ
 RITFﺞ ﻳﺑﺎﺷﻨﺪ. ﻧﺘﺎ ﻱ ﻣﻲﺎﺩﻳﺯﻫﺎﻱ  ﻲﺑﺮﺁﻣﺪﮔ ﻱﺑﻮﺩﻩ ﻭ ﺳﻄﻮﺡ ﺩﺍﺭﺍ
ﻭ  _HOﻫـﺎﻱ ، ﮔـﺮﻭﻩ  HO_LAﻮﻧـﺪ ﻴﻦ ﻧﺸﺎﻥ ﺩﺍﺩ ﻛﻪ ﭘﻴﺩﺭ ﻛﺎﺋﻮﻟ
ﻦ ﺩﺭ ﺭﺍﺑﻄـﻪ ﺑـﺎ ﻴﺐ ﻭﺟﻮﺩ ﺩﺍﺭﺩ، ﻫﻤﭽﻨ ـﻴﻦ ﺗﺮﻛﻳﺩﺭ ﺍ – O – iSﺑﺎﻧﺪ
ﺎﻓﺘـﻪ ﻳﺮ ﻴﻴﺗﻐ 86011-mc ﺑﻪ  09011-mc ﺰ ﺑﺎﻧﺪﻴﺖ ﺳﻨﺘﺰ ﺷﺪﻩ ﻧﻴﺯﺋﻮﻟ
( ﺩﺭ lA , iS =T) O-Tﻦ ﺍﻣﺮ ﺑـﻪ ﻋﻠـﺖ ﻛﺸـﺶ ﺑﺎﻧـﺪ ﻳﺍﺳﺖ ﻛﻪ ﺍ
ﺩﺭ  3O2lAﻭ  2OiSﺑﺎﺷـﺪ.  ﻣﻲ ﺖﻴﻜﺎﺕ ﺑﺎ ﺳﺎﺧﺘﺎﺭ ﺯﺋﻮﻟﻴﻠﻴﻨﻮﺳﻴﺁﻟﻮﻣ
ﻜﺎﺕ ﻴﻠﻴﻨﻮﺳ ـﻴ، ﺑـﻪ ﺁﻟﻮﻣ HOaNﻦ ﻭ ﻴﻦ ﻣﺘـﺎ ﻛـﺎﺋﻮﻟ ﻴﻃﻮﻝ ﻭﺍﻛﻨﺶ ﺑ  ـ
ﺖ ﻴ ـﻣﺸﺎﻫﺪﻩ ﺷـﺪﻩ ﺩﺭ ﺯﺋﻮﻟ  ﻱﮔﺮﺩﻧﺪ. ﺑﺎ ﺗﻮﺟﻪ ﺑﻪ ﺑﺎﻧﺪﻫﺎ ﻣﻲ ﻞﻳﺗﺒﺪ
ﺪ ﻳ ـﻣﺸـﺨﺺ ﮔﺮﺩ  ،ﻱﺗﺠـﺎﺭ ﻫﺎﻱ  ﺖﻴﺴﻪ ﺑﺎ ﺯﺋﻮﻟﻳﺳﺎﺧﺘﻪ ﺷﺪﻩ ﻭ ﻣﻘﺎ
 ﻲﻋـﺎﻣﻠ ﻫﺎﻱ  ﻦ ﺷﺒﺎﻫﺖ ﺭﺍ ﺩﺭ ﮔﺮﻭﻩﻳﺸﺘﺮﻴﺖ ﺳﺎﺧﺘﻪ ﺷﺪﻩ ﺑﻴﻛﻪ ﺯﺋﻮﻟ
 ( ﻣﺘﻌﻠـﻖ ﺑـﻪ ﮔـﺮﻭﻩ etilolitponilCﺖ )ﻳﻟﻮﻻ ﻲﻮﭘﺘﻨﻴﺖ ﻛﻠﻴﺑﻪ ﺯﺋﻮﻟ
 ﺑﺎﺷﺪ.  ﻣﻲ 4-4= 1
ﺭﺍﻧـﺪﻣﺎﻥ  ﻱﻣﺨﺘﻠـﻒ ﺑـﺮ ﺭﻭ  ﻱﺮﻫـﺎ ﻴﺮ ﻣﺘﻐﻴﻦ ﻣﻄﺎﻟﻌﻪ ﺗـﺎﺛ ﻳﺩﺭ ﺍ
 ﻲﻣﻮﺭﺩ ﺑﺮﺭﺳ ـ ،ﺖﻴﻦ ﻭ ﺯﺋﻮﻟﻴﺟﺎﺫﺏ ﻛﺎﺋﻮﻟ ﻱﻮﻡ ﺑﺮ ﺭﻭﻴﺟﺬﺏ ﺁﻣﻮﻧ
ﻨـﻪ ﺩﺭ ﺣـﺪﻭﺩ ﻴﺑﻬ Hpﺰﺍﻥ ﻴﺞ ﻣﻮﺟﻮﺩ، ﻣﻳﺑﺮ ﺍﺳﺎﺱ ﻧﺘﺎ .ﻗﺮﺍﺭ ﮔﺮﻓﺖ
ﺘـﺮ ﻴﮔﺮﻡ ﺑﺮ ﻟ 2ﻦ ﻴﻛﺎﺋﻮﻟ ﻱﻨﻪ ﺟﺎﺫﺏ ﺑﺮﺍﻴﺰﺍﻥ ﺩﺯ ﺑﻬﻴﺑﻮﺩﻩ ﻭ ﻣ ﻲﺧﻨﺜ
ﺶ ﺯﻣـﺎﻥ ﻳﺪ. ﺑﺎ ﺍﻓﺰﺍﻳﺘﺮ ﻣﺤﺎﺳﺒﻪ ﮔﺮﺩﻴﮔﺮﻡ ﺑﺮ ﻟ 1/5ﺖ ﻴﺯﺋﻮﻟ ﻱﻭ ﺑﺮﺍ
ﺎﻓﺘﻪ ﻭ ﺗﺎ ﺯﻣـﺎﻥ ﻳﺶ ﻳﺭﺍﻧﺪﻣﺎﻥ ﺟﺬﺏ ﺍﻓﺰﺍ ،ﺗﻌﺎﺩﻝ ﺩﺭ ﻭﺍﻛﻨﺶ ﺟﺬﺏ
ﻮﻡ، ﺭﺍﻧـﺪﻣﺎﻥ ﻴ ـﻪ ﺁﻣﻮﻧﻴﺶ ﻏﻠﻈﺖ ﺍﻭﻟﻳﺎﻓﺖ. ﺑﺎ ﺍﻓﺰﺍﻳﺍﺩﺍﻣﻪ  ﻲﻣﺸﺨﺼ
ﻦ ﻳ  ـﺑـﻪ ﺍ  .ﺎﻓﺘـﻪ ﺍﺳـﺖ ﻳﺶ ﻳﺖ ﺟﺬﺏ ﺍﻓﺰﺍﻴﻇﺮﻓ ﻲﺟﺬﺏ ﻛﺎﻫﺶ ﻭﻟ
ﺖ ﻴ ـﺑـﻪ ﺣـﺪﺍﻛﺜﺮ ﻇﺮﻓ  ،ﻚ ﻏﻠﻈـﺖ ﻣﺸـﺨﺺ ﻳﺩﺭ ﺗﻮﺍﻥ  ﻣﻲ ﺐﻴﺗﺮﺗ
ﻮﻡ ﺑﺮ ﻴﺎﻓﺖ. ﻭﺍﻛﻨﺶ ﺟﺬﺏ ﺁﻣﻮﻧﻳﺟﺬﺏ ﻭ ﺣﺪﺍﻛﺜﺮ ﺭﺍﻧﺪﻣﺎﻥ ﺩﺳﺖ 
ﻛـﺮﺩﻩ ﻭ  ﻱﺮﻭﻴـﻚ ﺩﺭﺟـﻪ ﺩﻭﻡ ﻛـﺎﺫﺏ ﭘﻴﻨﺘﻴﺖ ﺍﺯ ﺳـﻴـﺯﺋﻮﻟ ﻱﺭﻭ
ﺰﻭﺗـﺮﻡ ﻳﺑﺎ ﻫـﺮ ﺩﻭ ﺍ  ،ﺖﻴﻦ ﻭ ﺯﺋﻮﻟﻴﻮﻡ ﺑﺎ ﻛﺎﺋﻮﻟﻴﺰﻭﺗﺮﻡ ﺟﺬﺏ ﺁﻣﻮﻧﻳﺍ
ﺭﺍ ﺑـﺎ  ﻲﻦ ﻫﻤﺨـﻮﺍﻧ ﻳﺸﺘﺮﻴﺑ ﻲﺖ ﺩﺍﺷﺘﻪ ﻭﻟﻴﭻ ﺗﺒﻌﻴﺮ ﻭ ﻓﺮﻭﻧﺪﻟﻴﻻﻧﮕﻤ
 ﭻ ﺩﺍﺷﺘﻪ ﺍﺳﺖ.ﻴﻓﺮﻭﻧﺪﻟﺰﻭﺗﺮﻡ ﻳﺍ
 
 ﻱﺳﭙﺎﺳﮕﺰﺍﺭﺗﺸﻜﺮ ﻭ 
 2724312129ﺷـﻤﺎﺭﻩ  ﺑـﺎ  ﻲﻘـﺎﺗ ﻴﺍﺯ ﻃﺮﺡ ﺗﺤﻘ ﻣﻨﺘﺞﻦ ﻣﻘﺎﻟﻪ ﻳﺍ
ﻘﺎﺕ ﻴﻠﻪ ﺍﺯ ﻣﻌﺎﻭﻧﺖ ﺗﺤﻘﻴﻦ ﻭﺳﻳﻦ ﻣﻘﺎﻟﻪ ﺑﺪﻳﺴﻨﺪﮔﺎﻥ ﺍﻳﻧﻮ .ﺑﺎﺷﺪ ﻣﻲ
ﻫـﺎﻱ  ﺖﻳ ـﻫﻤﺪﺍﻥ ﺑﻪ ﺧـﺎﻃﺮ ﺣﻤﺎ  ﻲﺩﺍﻧﺸﮕﺎﻩ ﻋﻠﻮﻡ ﭘﺰﺷﻜ ﻱﻭ ﻓﻨﺎﻭﺭ
ﻭ ﺍﺯ ﺩﺍﻧﺸﻜﺪﻩ ﺑﻬﺪﺍﺷﺖ ﺟﻬﺖ ﻓﺮﺍﻫﻢ ﻧﻤـﻮﺩﻥ ﺍﻣﻜﺎﻧـﺎﺕ ﻻﺯﻡ  ﻲﻣﺎﻟ
 ﺭﺍ ﺩﺍﺭﻧﺪ. ﻲﺍﻧﺠﺎﻡ ﭘﮋﻭﻫﺶ ﻛﻤﺎﻝ ﺗﺸﻜﺮ ﻭ ﻗﺪﺭﺩﺍﻧ ﻱﺭ ﺭﺍﺳﺘﺎﺩ
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Background: Ammonium has introduced to environment by various resources such as 
industrial, domestic and agricultural effluents. Ammonium is toxic which can lead to oxygen 
depletion in the water and threating aquatic. On the current method for ammonium removal 
from water and wastewater is ion exchange and adsorption of the ion by zeolite. The objective 
of this study was removing of ammonium by Kaolin, zeolite synthesized from Kaolin and 
magnetic zeolite from aqueous solutions.  
Methods: In this study, various concentrations of Kaolin and synthesized zeolite (0.5, 1, 1.5, 
2, 2.5 g/l) within aqueous solution containing ammonium ions (1- 20 mg/l) with different 
contact time (10-240 min) and pH values (3, 5, 7, 9, and 11) were probed. Using SEM, XRD and 
FTIR analysis, chemical characterization of synthesis Zeolite were studied.    
Results: The maximum ammonium adsorption occurred at pH=7 and in 240 minutes 
contact time. By increasing initial concentration of ammonium, its sorption capacity was 
increased. However, by increasing the adsorbent dose, the removal efficiency was decreased. 
Optimum dosage of kaolin and zeolite was 2 g/L and 1.5 g/L, respectively. The isotherm data 
of ammonium were correlated reasonably well by Freundlich isotherm model. It was found 
that the adsorption of ammonium ion on kaolin, synthesis zeolite and magnetic zeolite 
followed pseudo-second order kinetic model. 
Conclusion: This research confirmed that the adsorption of ammonium by Kaolin, 
synthesized Zeolite and magnetic Zeolite is a low-cost and high-efficient method.   
 
Keywords: Ammonium ion, Synthesized zeolite, Kaolin, Magnetic zeolite. 
 
 
 
